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UNITS  AND  DIMENSIONS 


International  System  (SI)  and  U.S.  Customary  (British) 
Unit  Names  and  Symbols 


Quantity 

SI  Unit 
Name 

SI  Unit 
Symbol 

British  Unit 
Name 

British  U 
Symbol 

1 ength 

meter 

m 

foot 

ft 

mass 

kilogram 

kg 

pound 

lb 

time 

second 

s 

second 

s 

temperature 

kelvi n 

K 

fahrenhei t 

°F 

Conversion  Factors  for  Tabular  Listings 


to  convert 

ft 

°F 

psia 

in  H20  (60°F) 
1 bm/f  t3 


to 

m 

K 

MPa 

kPa 

kg/m3 


multiply  by 
0.30480 

Tk  = (toF  + 459.67) /I .8 
6.8948  (10*3) 
0.248843 
16.01846 


Note: 


In  addition  to  the  tabular  listings,  we  occasionally  use  U.S. 
Customary  Units  (non-SI)  within  the  text  to  accommodate  the 
intended  audience. 


GAS  ORIFICE  METER  DISCHARGE  COEFFICIENTS  AS  DETERMINED  BY 
MASS  FLOW  MEASUREMENTS 
D.  B.  Mann,  J.  A.  Brennan,  C.  F.  Sindt, 

J.  F.  LaBrecque,  S.  E.  McManus  and  C.  H.  Kneebone 
National  Bureau  of  Standards 
Boulder,  CO  80303 

Performance  data  of  gas  orifice  meter  runs  and  plates  have  been 
generated  under  a U.S.  gas  industry  supported  program.  The  data  have 
been  developed  using  nitrogen  gas  and  a unique  NBS  gas  flow  measurement 
facility  capable  of  directly  measuring  the  mass  of  gas  metered  by  the 
orifice  device.  Direct  comparison  of  predictions  from  empirical 
equations  can  now  be  made  at  orifice  bore  Reynolds  Numbers  near  four 
million.  Two  meter  runs  for  each  of  four  nominal  line  sizes  and  two 
sets  of  orifice  plates  with  up  to  six  beta  ratios  per  set  were 
interchanged  in  order  to  develop  full  meter  performance  characteri sties . 
Orifice  meter  and  flow  reference  system  data  are  used  to  calculate 
discharge  and  expansion  coefficients  which  in  turn  are  compared  to  those 
derived  from  existing  equations.  Orifice  meter  performance  data  and 
system  descriptions  are  provided. 

Key  words:  discharge  coefficients;  flow  measurement;  flowmeter; 

gas  flow;  mass  flow;  orifice  meter. 

1.  INTRODUCTION 

Staff  members  of  the  National  Bureau  of  Standards  (NBS)  laboratories 
located  at  Boulder,  Colorado  have  modified  an  existing  cryogenic  liquid 
flowmetering  facility  to  allow  precise  flow  measurement  of  gas  at  ambient 
temperatures.  The  gas  meter  measurement  is  compared  directly  to  the  existing 
liquid  mass  flow  reference  system  which  is  based  on  mass  and  time  measurements 
[1].  An  extensive  gas  flowmetering  research  program  based  on  this  new  facility 
is  in  progress.  The  program  was  initially  supported  by  the  American  Gas 
Association  (AGA)  and  the  Gas  Research  Institute  (GRI)  and  is  currently  funded 
entirely  by  the  Gas  Research  Institute  (Contract  5080-353-0422).  The  cryogenic 
liquid  measurement  part  of  the  program  continues  under  sponsorship  of  the 
Compressed  Gas  Association  (CGA). 

The  concept  of  extending  the  cryogenic  flow  reference  system  to  gas  flow 
operation  was  proposed  by  Mann  and  Brennan  [2]  in  1977.  Funding  to  modify  the 
existing  facility  to  demonstrate  the  feasibility  of  gas  flow  operation  was  made 
available  from  NBS  and  modifications  were  completed  in  July  of  1979.  The  gas 
flowmetering  research  program  is  directed  through  the  GRI -NBS  Basic  Gas  Metering 
Steering  Committee  which  plans  program  objectives,  reviews  current  progress  and 
aids  NBS  in  the  selection  of  experiments  directed  at  solutions  to  current  gas 
metering  problems. 

The  research  area  of  immediate  interest  to  the  Committee  was  the 
performance  of  the  gas  orifice  meter.  A gas  turbine  meter  was  included  in  the 
program  and  was  used  as  a facility  monitor  for  setting  flow  rates.  Future 
research  is  planned  on  the  performance  of  gas  turbine  flowmeters  and  the 
devices. 

The  Committee  provided  two  sets  of  orifice  meter  runs  in  four  nominal  line 
sizes  with  orifice  plates  which  provided  six  beta  ratios  ranging  from  0.2  to 
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0.75  for  each  run  size.  Three  flow  conditioners  were  also  provided  by  the 
Committee.  The  orifice  meter  runs,  plates,  and  flow  conditioners  were 
fabricated  to  natural  gas  industry  (U.S.)  standards  and  are  the  joint  property 
of  the  American  Gas  Association  and  the  American  Petroleum  Institute  (AGA/API). 
Using  these  multiple  sets  of  runs  and  plates,  a more  representative  range  of 
meter  performance  was  possible  compared  to  that  of  a single  run  size  and  one  or 
two  special  orifice  plates.  A description  of  the  flow  reference  system,  the 
orifice  meters  under  test  and  the  test  procedures  are  given  here  in  detail. 

Data  are  presented  in  both  tabular  and  graphical  form.  Archival  data  are  also 
available  [3]  and  a summary  report  of  this  program  appears  in  the  literature 
[4]. 


Data  presented  provide  added  confirmation  that  suspected  gas  orifice 
metering  performance  anomalies  exist  in  the  flow  range  covered.  The  data  do  not 
necessarily  reveal  sources  of  these  anomalies  at  this  time  and  research  is 
continuing  in  order  to  establish  a rational  basis  for  what  needs  to  be  done  to 
significantly  improve  or  replace  present  correlations. 

2.  REFERENCE  FLOW  SYSTEM 

2.1  Components 

The  flow  reference  system  is  shown  schematically  in  figure  1 and  consists 
of  a closed  loop  thermodynamic  cycle  where  the  process  fluid,  nitrogen,  is 
circulated  between  temperature  limits  of  85  K and  300  K at  pressures  of  0.5  MPa 
to  4.1  MPa.  Work  is  done  on  the  cycle  by  centrifugal  pumps  operating  at  85  K 
which  increase  the  liquid  nitrogen  pressure  from  0.5  MPa  to  4.1  MPa.  Heat 
energy  enters  the  process  from  the  ambient  surroundings  and  through  a steam  heat 
exchanger  which  controls  the  gas  temperature  at  the  test  section.  Heat  energy 
is  removed  from  the  system  by  the  refrigeration  effect  provided  by  boiling 
liquid  nitrogen  in  the  subcooler,  supplementary  liquid  nitrogen  introduced  at 
the  main  heat  exchanger  and  water  cooling  at  the  water  heat  exchanger  following 
the  gas  test  section. 

The  low  pressure  cryogenic  portion  of  the  cycle  is  maintained  at  a pressure 
of  0.5  MPa  by  introducing  helium  gas  at  the  catch  and  weigh  tank.  This  inert 
pressurant  provides  necessary  over-pressure  to  inhibit  boiling  of  the  liquid 
nitrogen  throughout  the  cryogenic  portion  of  the  cycle.  The  high  pressure 
portion  of  the  cycle  is  accomplished  in  two  steps.  The  variable  speed 
centrifugal  boost  pump  provides  a controlled  pressure  of  about  0.7  MPa  at  the 
inlet  to  a fixed  speed  pressure  pump.  The  centrifugal  pressure  pump  then 
increases  the  pressure  of  the  process  fluid  to  4.1  MPa.  Process  fluid  flow  is 
controlled  by  operation  of  the  expansion  valve.  The  pressure  level  of  4.1  MPa 
was  selected  because  the  critical  pressure  of  nitrogen  is  3.4  MPa  and  operation 
above  this  pressure  avoids  two  phase  boiling  and  condensing  in  the  main  heat 
exchanger;  a possible  source  of  flow  noise. 

The  main  heat  exchanger  is  a five  pass,  plate-fin  type  constructed  of 
aluminum  and  insulated  with  a 30  cm  thickness  of  polyurethane  foam.  The  cross 
section  of  the  heat  exchanger  is  63.5  cm  by  33  cm  and  is  4.92  meters  in  overall 
length  including  manifolds.  Two  of  the  five  passes  provide  counter  current 
heating  and  cooling  of  the  process  fluid.  Two  additional  passes  contain  liquid 
nitrogen  supplemental  refrigeration.  The  final  pass  is  blocked  at  both  ends  and 
is  used  as  a gas  thermometer  for  indication  and  control  of  heat  exchanger 
pressures  and  temperatures  during  the  test  draft  period. 
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Figure  1.  Flow  reference  facility  schematic. 


2.2  Instrumentation 


All  of  the  instruments  on  the  Gas  Mass  Flow  Reference  System  were 
electrical  devices  except  several  pressure  gauges  that  were  used  to  monitor  the 
system  during  start  up.  The  electrical  instrumentation  was  read  by  two  small 
computers  which  were  dedicated  to  the  system  and  were  on  line  during  the  system 
operation.  One  computer  accessed  instruments  in  the  low  pressure,  cryogenic 
liquid  portion  of  the  system  (computer  A).  The  other  computer  was  used 
primarily  but  not  exclusively  to  control  and  access  instruments  on  the  high 
pressure,  gas  portion  of  the  system  (computer  B).  Both  computers  operated  in 
real  time  and  interrogated  the  instruments  at  specified  intervals  or  events.  The 
signals  read  by  the  computers  were  converted  to  engineering  units  and  were 
displayed  at  the  computer  terminals  and/or  stored  on  a mass  storage  device  such 
as  a magnetic  tape  or  disk. 

2.2.1  Instruments  for  Measurement  of  Mass  Flow 

Instrumentation  input  to  computer  A included  the  liquid  nitrogen 
temperatures  and  pressures,  voltage  from  the  load  cell  in  the  catch  tank,  the 
excitation  voltage  to  the  load  cell  and  the  test  draft  time.  The  load  cell 
voltage  and  the  excitation  voltage  to  the  load  cell  were  read  with  digital 
voltmeters.  The  pressure  and  temperature  sensors  were  read  with  a data  logger. 
The  data  logger  and  the  digital  voltmeters  were  read  by  computer  A,  which  then 
calculated  the  mass  flow  rate  and  recorded  these  data  on  magnetic  tape. 

2.2.2  Instrumentation  on  the  Gas  Portion  of  the  System 

All  of  the  instruments  on  the  warm  portion  of  the  system  and  some  of  the 
instruments  on  the  cold  portion  were  read  with  computer  B.  In  all  30 
temperature  sensors  and  30  pressure  sensors  were  interrogated  twice  a minute 
during  the  monitoring  mode.  Signals  from  these  sensors  were  converted  to 
engineering  units  and  then  displayed  at  the  computer  console  which  was  a cathode 
ray  tube  (CRT).  The  majority  of  the  instruments  were  used  for  monitoring  the 
system  operation  and  stability. 

The  signals  from  most  of  the  pressure  transducers  were  in  the  range  of  two 
to  ten  volts  at  the  operating  conditions  and  did  not  require  signal  condition- 
ing. Low  level  signals  from  some  of  the  pressure  transducers  and  all  of  the 
temperature  sensors  required  amplification  prior  to  entering  the  computer 
multiplexer  and  digitizers.  The  amplifiers  were  all  in  a single  chassis  with 
four  amplifiers  per  card;  ten  cards  were  used.  Each  amplifier  had  a fixed  gain 
but  the  gain  was  changeable  by  replacing  a plug-in  module.  Use  of  this  type  of 
system  prevented  inadvertent  gain  changes. 

All  signals  were  digitized  and  the  computer  converted  them  to  engineering 
units  by  applying  the  appropriate  mathematical  equations.  The  polynomial 
equations  were  determined  by  calibrations.  The  pressure  transducers  were 
calibrated  using  a laboratory  quality  bourdon  tube  gauge.  The  temperatures  were 
calculated  using  either  the  data  from  the  Thermocouple  Reference  Table  based  on 
IPTS68  [5]  or  the  calibration  data  from  the  manufacturer  of  the  resistance 
thermometers.  A precision  constant  current  source  controlled  to  1 part  in  7500 
supplied  the  current  for  the  resistance  thermometers. 
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The  instruments  used  for  the  gas  flow  measurement  with  the  orifice  meters 
were  calibrated  separately.  These  instruments  and  the  method  of  calibration 
will  be  discussed  in  Section  3. 

2.3  Automatic  Data  Acquisition 

The  two  separate  computers  mentioned  in  Section  2.2  provided  the  automatic 
data  acquisition,  data  display  and  data  storage.  Computer  B had  an  input/output 
(I/O)  bus  that  accommodated  cards  with  16  input  channels  per  card.  Five  of 
these  cards  were  used  as  input  channels  for  the  30  pressure  and  30  temperatures 
discussed  in  Section  2.2.  Each  of  these  cards  has  a digitizer  and  each  channel 
can  be  accessed  individually  or  in  series  with  the  rest  of  the  card.  For 
calibration,  the  channels  were  individually  selected  and  the  analog  signal  was 
digitized  and  fed  to  the  computer  where  it  was  incorporated  as  input  for  the 
instrument  calibration. 

During  system  operation,  it  was  necessary  to  monitor  all  of  the  system 
functions  so  all  data  channels  were  interrogated  in  sequence  via  the 
multiplexing  capability  at  the  I/O  bus.  The  input  signals  were  digitized  as 
they  were  selected  and  this  number  was  stored  in  an  array.  The  number  was  then 
retrieved  and  each  parameter  was  calculated  using  the  polynomial  equations 
determined  by  calibration. 

The  computer  B was  programmed  to  operate  in  three  modes.  The  modes  of 
operation  were  1)  monitoring  the  pressures  and  temperatures,  2)  monitoring 
pressures  and  temperatures  and  storing  the  information  on  a disk  and  3)  taking 
flow  test  data  during  a test  point.  In  the  monitoring  and  storage  mode  computer 
B stored  data  on  a magnetic  disk  in  engineering  units.  Storage  of  these  data 
facilitated  investigation  of  system  functions  prior  to  test  data  points  if 
desired.  In  the  test  point  mode,  data  were  also  stored  on  a magnetic  disk,  but 
most  of  the  data  were  stored  as  raw  data  signals  from  the  sensors  and  their 
signal  conditioning  units,  i.e. , data  were  stored  as  digitized  raw  data.  The 
program  operated  in  the  monitoring  mode  until  the  system  stabilized  at  the 
desired  flow  rate.  The  test  point  mode  was  then  selected.  The  computer  read  a 
barometer  and  accessed  the  data  disk.  It  then  informed  the  operator  via  the  CRT 
that  it  was  prepared  to  take  test  data. 

Computer  A interrogated  a data  logger  and  two  digital  voltmeters.  The  data 
logger  read  the  signals  from  pressure  and  temperature  sensors  in  the  liquid 
nitrogen.  It  also  read  the  current  supplied  to  the  resistance  thermometers. 

The  two  digital  voltmeters  read  the  load  cell  and  the  load  cell  excitation 
voltage.  The  actual  starting  point  for  the  test  was  determined  by  a low  point 
setting  on  the  load  cell  reading.  When  the  output  from  the  load  cell  reached 
this  set  point,  a custom-built  electronic  unit  started  the  recording  system. 

When  the  load  cell  reading  reached  a preset  upper  value,  the  unit  stopped  the 
recording  system  to  end  the  test  point.  The  catch  tank  was  allowed  to  partially 
fill  before  the  test  point  started  thereby  eliminating  the  initial  disturbance 
caused  by  valve  closure.  The  overall  cycle  was  started  by  manual  switch 
selection. 

During  the  test  draft  computer  B repetitively  interrogated  four 
differential  pressures,  a static  pressure  and  two  temperatures  and  stored  these 
as  raw  digital  data  on  the  magnetic  disk.  Two  of  the  differential  pressures 
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were  measured  at  the  orifice  meter;  the  other  two  were  for  monitoring  the  system 
stability  during  the  test  draft.  The  static  pressure  was  measured  at  the 
downstream  orifice  pressure  tap.  The  temperatures  were  measured  at  the  orifice 
meter  and  in  the  liquid  nitrogen  upstream  of  the  catch  tank. 

At  the  conclusion  of  the  test  draft,  computer  B calculated  the  mass  flow 
rate  through  the  orifice  meter  using  ANSI/API  2530  [6].  This  calculation  was 
made  using  the  square  of  the  average  of  the  square  roots  of  the  differential 
pressure  readings  made  during  the  test  draft.  The  average  of  the  static 
pressure  and  the  temperature  were  used  to  calculate  the  density  of  the  nitrogen 
near  the  orifice  plate.  The  mass  flow  rate  at  the  orifice  and  the  barometric 
pressure  were  transmitted  to  computer  A.  Computer  A transmitted  back  to  B the 
test  point  number  and  the  time  of  day.  The  test  point  number  with  the  time  was 
used  to  identify  the  data  on  both  computer  mass  storage  units. 

Computer  A stored  the  test  information  on  a magnetic  tape.  Computer  B 
stored  the  raw  data  on  a disk.  At  the  conclusion  of  the  calculation,  the  test 
point,  date  and  time  were  stored  along  with  the  averages  of  the  pressures  and 
temperatures.  The  data  on  the  tape  of  computer  A was  transferred  to  computer  B 
and  added  to  the  data  disk  at  the  end  of  the  day.  The  disk  now  contained  all  of 
the  test  point  data  for  a particular  test.  These  data  were  transferred  to  a 
large  main  frame  computer  where  the  raw  data  were  again  converted  to  engineering 
units  and  averages  were  calculated.  The  averages  were  compared  to  those 
calculated  in  computer  B.  The  comparison  was  made  as  a check  on  the  accuracy  of 
data  transmission. 

Data  in  SI  units  were  eventually  written  to  the  archival  file.  These  data 
were  also  further  reduced  and  coefficients  were  calculated,  plots  were 
generated,  etc.  from  the  engineering  unit  data  file. 

2.4  Operation 

The  time  integrated  mass  flow  rate  passing  through  the  test  meter  must  be 
the  same  as  the  mass  accumulated  in  the  weigh  tank.  Instrumentation  has  been 
developed  and  applied  to  actively  control  and  measure  parameters  which  are 
sensitive  to  changes  in  this  flow  stability,  and  provide  a measure  of  error 
resulting  from  non-stable  flow. 

The  result  of  non-stable  flow  could  be  an  error  in  the  measurement  by  the 
reference  system.  This  error  would  consist  of  an  amount  of  mass  of  nitrogen 
fluid  which  is  either  measured  by  the  test  meter  and  not  measured  by  the 
reference  system  or  not  measured  by  the  test  meter  but  measured  by  the  reference 
system.  The  error  could  only  result  from  a mass  of  fluid  nitrogen  either  being 
stored  or  expelled  in  the  volume  which  connects  the  test  meter  with  the 
reference  system. 

For  each  flow  test  configuration,  the  volume  of  piping  between  the  test 
meter  and  the  reference  system  remains  constant.  There  will  be  no  change  in  the 
physical  volume  during  the  test  draft  period.  Any  measurement  error  must  result 
from  a change  in  fluid  density  at  some  point  within  the  fixed  volume  between  the 
test  meter  and  the  reference  system. 

Referring  to  Figure  1,  it  is  possible  to  isolate  three  separate  subvolumes 
between  the  test  meter  and  the  reference  system.  The  first  subvolume  is  the 
ambient  temperature  volume  measured  from  the  active  test  meter  element  to  the 
warm  end  of  the  main  heat  exchanger.  A change  in  density  within  this  volume  can 
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be  found  by  measuring  the  temperature  and  pressure  at  the  beginning  and  end  of 
the  test  draft  period  and  calculating  the  density  change  from  the  state  equation 
of  nitrogen  [7]. 

Subvolume  two  is  bounded  by  the  warm  end  of  the  main  heat  exchanger  and  the 
low  temperature  expansion  valve.  It  can  be  monitored  for  change  in  pressure 
using  the  same  method  as  for  subvolume  one.  Change  in  temperature  of  this 
volume  is  considered  a change  in  bulk  temperature  because  of  the  large 
temperature  difference  throughout  the  exchanger  length.  Measurement  is  done  by 
recording  the  change  in  pressure  within  the  capped  heat  exchanger  flow  passage 
and  calculating  an  equivalent  temperature  change  for  the  period  of  the  test 
draft.  The  state  equation  of  nitrogen  is  used  to  calculate  this  temperature 
change  and  to  calculate  the  density  change  in  the  flow  passage  volume. 

The  third  subvolume  is  that  defined  by  the  expansion  valve  and  the  weigh 
tank.  This  volume  is  filled  with  compressed  single  phase  liquid  nitrogen  and 
can  be  directly  monitored  for  change  of  pressure  and  temperature  at  the 
beginning  and  end  of  the  test  draft.  Density  is  calculated  from  the  state 
equation. 

During  each  test,  the  above  three  subvolumes  are  monitored  for  pressure  and 
temperature  change.  Density  changes  for  each  subvolume  are  calculated  and  added 
to  give  the  total  estimated  error  in  terms  of  mass.  This  value  is  then  in  turn 
compared  to  the  mass  of  the  test  draft  and  if  found  to  be  less  than  0.1  percent 
the  test  point  is  considered  stable.  If  found  to  be  greater  than  0.1  percent 
this  fact  was  used  only  as  indicator.  The  calculated  error  is  not  applied  as  a 
correction  because  the  uncertainty  of  the  error  is  greater  than  the  estimated 
error  of  the  flow  measurements  themselves.  However,  the  procedure  provides  a 
measurable  quantity  which  aids  in  defining  and  maintaining  mass  flow  stability 
during  the  test  draft  period. 

The  above  measurements  are  passive  controls  on  the  degree  of  flow  stability 
during  the  test  draft  period.  The  results  of  the  measurements  and  calculations 
provided  limits  to  the  pressure  and  temperature  excursions  tolerated  by  the 
experimentalist  during  the  test  draft  period.  As  a result  of  these  measurements 
made  during  the  early  part  of  the  program,  it  was  found  that  additional  active 
control  was  needed  to  assure  stable  flow.  Referring  to  figure  1,  during  the 
test  draft  period,  the  valve  on  the  weigh  tank  is  closed  and  the  liquid  level 
increases  in  the  weigh  tank  and  correspondingly  decreases  in  the  catch  tank.  A 
decrease  in  the  level  of  the  catch  tank  decreases  slightly  the  suction  head  of 
the  boost  pump  and  results  in  a slight  reduction  in  the  pump  output.  This 
reduction  is  carried  through  the  system  as  a slight  decrease  in  flow  rate.  For 
the  fixed  expansion  valve  setting,  this  reduction  in  flow  gives  a slight 
reduction  in  pressure  at  the  gas  test  section.  A control  system  was  installed 
which  increased  the  boost  pump  drive  motor  speed  and  pump  output  to  compensate 
for  the  reduction  in  catch  tank  liquid  level. 

3.  ORIFICE  METER  GAS  FLOW  TESTS 

With  pairs  of  each  of  the  four  line  sizes  and  with  six  plates  per  meter 
run,  it  was  possible  to  have  96  different  combinations  (not  including  repeat 
tests)  of  meter  runs  and  plates.  This  number  was  reduced  initially  because  of 
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pressure  differential  and  reference  system  flow  restrictions.  A test  plan  was 
generated  which  was  designed  to  limit  the  number  of  run  and  plate  combinations 
based  on  meter  performance.  If  a particular  run-plate  combination  gave 
consistent  results,  then  repeat  runs  were  limited.  There  were  856  test  points 
included  in  the  current  test  series.  Of  these  test  points,  17  were  eliminated 
because  of  instrumentation  or  equipment  failure  during  the  test  draft.  The 
remaining  839  test  points  are  included  in  this  report.  These  test  points 
represent  109  combinations  including  repeat  tests  and  over  73,000  individual 
measurements  of  pressure,  differential  pressure  and  temperature. 

3.1  Orifice  Flowmeter  Test  Equipment 

As  part  of  the  flow  measurement  program  at  MBS  Boulder,  the  meter  runs, 
the  orifice  plates  and  the  flow  conditioners  were  measured  to  document  the 
dimensional  data  for  record.  Included  with  those  measurement  data  are  the 
dimensional  data  of  a significant  portion  of  the  piping  upstream  of  the  meters 
in  the  MBS  flow  facility.  The  latter  is  also  documented  in  an  archival  file 
[3]  with  the  flow  data  corresponding  to  the  installation. 


3.1.1  Orifice  Meter  Runs 

Each  of  the  AGA/API  meter  runs  is  made  up  of  three  sections,  an  approach 
section,  an  upstream  section  and  a downstream  section.  The  approach  section  is 
affixed  with  a 600  psi  ANSI  flange  on  the  upstream  end  and  a special  0-ring 
sealed  flange  on  the  downstream  end.  The  upstream  section  mates  with  this 
0-ring  sealed  flange  on  the  approach  section  at  the  upstream  end  and  has  a 
similar  0-ring  sealed  flange  on  the  downstream  end  which  incorporates  flange 
pressure  taps  built  to  the  ANSI/API  2530  specification  [6].  This  flange  is 
drilled  in  the  bottom  quadrants  to  accept  two  dowel  pins  which  are  used  to 
position  the  orifice  plate  and  align  the  runs.  The  upstream  end  of  the 
downstream  section  mates  with  this  flange  and  has  corresponding  flange  taps  and 
holes  for  dowel  pins.  The  downstream  end  of  this  section  is  also  equipped  with 
a 600  psi  ANSI  flange.  The  flanges  with  taps  have  two  tap  holes,  one  at  the 
top  and  one  at  the  bottom.  Figure  2 is  a drawing  of  a typical  flange  at  the 
orifice  plate.  The  meter  run  diameter  used  for  calculating  data  was  the 
average  of  the  diameters  measured  in  the  plain  of  the  upstream  flange  taps. 

The  meter  runs  were  built  to  conform  to  the  ANSI /API  2530  specification  where 
applicable.  A detailed  description  of  the  meter  runs  is  given  in  Appendix  1. 

3.1.2  Orifice  Plates 

Two  identical  sets  of  six  orifice  plates  were  supplied  with  the  meter 
runs.  These  plates  were  sized  to  cover  a beta  ratio  (orifice  diameter  to  pipe 
diameter)  of  about  0.2  to  0.75.  The  plates  are  all  nominally  1/8  inch  thick 
and  have  a 45  degree  bevel  on  the  outlet  side.  The  plates  are  affixed  with  a 
paddle- type  handle  which  is  stamped  with  the  identifying  code  and  the  nominal 
orifice  size  in  inches.  The  plates  were  installed  with  the  handle  at  the  top 
for  all  of  the  tests.  A detailed  description  of  the  plates  and  their 
identification  is  presented  in  Appendix  2. 
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Figure  2.  Typical  orifice  meter  flange. 
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3.1.3  Flow  Conditioners 

A perforated  plate  type  flow  conditioner  [8,9]  was  installed  upstream  of 
the  approach  section  of  the  meter  run  during  all  of  the  tests  recorded  in  the 
archival  data  file.  Figure  3 shows  the  general  layout  of  the  plates  and 
assembly.  Three  sizes  of  conditioners  were  used  for  the  tests,  a 4-inch,  a 
6-inch  and  a 10-inch. 

Usually  the  4-inch  conditioner  was  used  with  the  2-inch  and  3-inch  meter 
runs,  the  6-inch  conditioner  with  the  4-inch  meter  run  and  the  10-inch 
conditioner  with  the  6-inch  meter  run.  There  were  exceptions  to  this  statement 
and  they  are  documented  in  the  archival  data  file  and  are  apparent  in  the 
installation  descriptions  in  Section  3.1.4.  Since  the  flow  conditioner 
housings  were  a larger  pipe  size  than  the  meter  runs,  there  were  reducers  on 
each  end  of  the  housing.  The  housings  thus  were  constructed  using  a 600  psi 
ANSI  flange  welded  to  a reducer  which  was  welded  to  a 600  psi  ANSI  flange  the 
size  of  the  housing.  This  flange  mated  to  a similar  flange  which  was  welded  to 
a length  of  run  the  nominal  size  of  the  unit.  This  straight  run  was  welded  to 
a reducer  which  was  welded  to  a 600  psi  ANSI  flange  the  same  size  as  the  inlet 
flange.  The  4-inch  unit  has  3-inch  inlet  and  outlet  flanges;  the  6-inch  unit 
has  4-inch  inlet  and  outlet  flanges;  and  the  10-inch  unit  has  6-inch  inlet  and 
outlet  flanges. 

The  perforated  plates  were  attached  to  each  other  with  spacer  rods.  The 
upstream  plate  was  of  the  diameter  to  fit  between  the  housing  flanges  thus 
securing  it  in  the  housing.  The  other  two  plates  fit  inside  the  housing. 

All  dimensions  for  the  units  are  given  in  Appendix  3. 

3.1.4  Gas  System  Piping 

The  portion  of  the  NBS  flow  facility  between  the  steam  heat  exchanger  and 
the  downstream  end  of  the  meter  runs  (see  Figure  1)  is  described  in  detail  here 
and  in  the  archival  data  file  [3].  From  the  steam  heat  exchanger  the  4-inch 
pipe  makes  a right  angle  bend  to  the  horizontal  where  it  connects  to  the 
horizontal  piping  upstream  of  the  meter  runs.  In  general,  the  gas  flow  test 
section  piping  is  in  the  form  of  a "U"  shape  in  a horizontal  plane  containing 
(from  the  upstream  flange)  a 4-inch  straight  section  and  a 4-inch  gas  turbine 
meter  with  a 4-inch  blocking  valve  and  bypass.  The  bypass  includes  a 2-inch 
block  and  bleed  valve  and  2-inch  piping.  Downstream  of  the  bypass  are  two 
right  angle  elbows,  a flow  conditioner,  the  orifice  meter  and  the  gas  test 
section  downstream  flange.  The  overall  length  of  pipe  depends  on  the  nominal 
orifice  meter  length.  Four-inch  (unless  otherwise  specified)  schedule  40  pipe 
spool  pieces  of  various  lengths  are  used  to  give  equal  length  to  the  legs  of 
the  "U". 


Six  specific  configurations  were  used.  Each  configuration  used  is 
identified  in  the  archival  data  file.  A schematic  of  the  six  configurations 
excluding  the  2-inch  bypass  is  shown  in  Figure  4.  The  following  is  a 
description  of  each  configuration: 

Test  Piping  Configuration  Code  1981-A.  Upstream  flange  + 7.15  meter  spool 
piece  + gas  turbine  meter  (S/N  77-G-32B)  + 4-inch  ball  valve  + 0.75  meter  spool 
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Typical  hole  cross  section 
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S - Flow  conditioner 
V - 4 inch  ball  valve 

T - 4 inch  gas  turbine  meter  (S/N  77-G-32B) 
R - Reducing  sections 


NOTE: 

All  facility  pipes  are  nominal  4 inch  excepting  two  sections. 
The  1.95  meter  section  at  1981D  and  the  1.13R  section  at 
198  IB,  which  is  a 4 to  3 inch  reducer,  are  3 inch  pipe. 

All  dimensions  in  meters  unless  otherwise  specified. 

Detailed  dimensions  of  the  meters  are  in  Appendix  1. 


Figure  4.  Gas  system  piping  schematic. 


piece  + right  angle  elbow  + 0.25  meter  spool  piece  + right  angle  elbow  + 0.75 
meter  spool  piece  + 6-inch  flow  conditioner  + AGA/API  4-inch  orifice  run  + 0.75 
meter  spool  piece  + downstream  flange. 

Test  Piping  Configuration  Code  1981-B.  Upstream  flange  + 7.15  meter  spool 
piece  + gas  turbine  meter  (S/N  77-G-32B)  + 4-inch  ball  valve  + 0.75  meter  spool 
piece  + right  angle  elbow  + 0.25  meter  spool  piece  + right  angle  elbow  + 0.75 
meter  spool  piece  + 6-inch  flow  conditioner  + 1.13  meter  reducer  (4x3)+ 
AGA/API  3-inch  orifice  run  + 0.30  meter  reducer  (3x4)+  0.75  meter  spool 
piece  + downstream  flange. 

Test  Piping  Configuration  Code  1 981 -C . Upstream  flange  + 7.15  meter  spool 
piece  + gas  turbine  meter  (S/N  77-G-32B)  + 4-inch  ball  valve  + 0.75  meter  spool 
piece  + right  angle  elbow  + 0.25  meter  spool  piece  + right  angle  elbow  + 2.77 
meter  spool  piece  + 6-inch  flow  conditioner  + 0.75  meter  spool  piece  + 0.42 
meter  reducer  (4x2)+  AGA/API  2-inch  orifice  run  + 0.42  meter  reducer  (2  x 4) 
+ downstream  flange. 

Test  Piping  Configuration  Code  1 981 -D . Upstream  flange  + 7.15  meter  spool 
piece  + gas  turbine  meter  (S/N  77-G-32B)  + 4-inch  ball  valve  + 0.75  meter  spool 
piece  + right  angle  elbow  + 0.25  meter  spool  piece  + right  angle  elbow  + 0.75 
meter  spool  piece  + 0.28  meter  reducer  (4x3)+  1.95  meter  spool  piece 
(3-inch)  + 4-inch  flow  conditioner  + 0.26  meter  reducer  (3x2)+  AGA/API 
2-inch  orifice  run  + 0.26  meter  reducer  (2x3)+  0.30  meter  reducer  (3x4)+ 
0.75  meter  spool  piece  + downstream  flange. 

Test  Piping  Configuration  Code  1982-A.  Upstream  flange  + 7.15  meter  spool 
piece  + gas  turbine  meter  (S/N  77-G-32B)  + 4-inch  ball  valve  + 0.75  meter  spool 
piece  + right  angle  elbow  + 0.25  meter  spool  piece  + right  angle  elbow  + 1.80 
meter  spool  piece  + 0.30  meter  reducer  (4x3)+  4-inch  flow  conditioner  + 
AGA/API  3-inch  orifice  run  + 0.30  meter  reducer  (3x4)+  0.75  meter  spool 
piece  + downstream  flange. 

Test  Piping  Configuration  Code  1982-B.  Upstream  flange  + 9.53  meter  spool 
piece  + gas  turbine  meter  (S/N  77-G-32B)  + 4-inch  ball  valve  + 0.75  meter  spool 
piece  + right  angle  elbow  + 0.25  meter  spool  piece  + right  angle  elbow  + 0.35 
meter  reducer  (4  x 6)  + 10-inch  conditioner  + AGA/API  6-inch  orifice  run  + 0.35 
meter  reducer  (6x4)+  downstream  flange. 

3.2  Orifice  Meter  Instrumentation 

The  performance  of  orifice  meters  of  defined  geometry  measuring  a single 
component  fluid  requires  three  parameters;  static  pressure,  flowing  fluid 
temperature  and  differential  pressure  across  the  orifice  plate.  With  these 
three  parameters  the  mass  flow  rate  was  calculated  from  the  known  properties  of 
the  process  fluid  [7]. 

The  automated  data  acquisition  system  described  in  Section  2.3  recorded 
the  measurements  from  the  orifice  meter  instruments.  Electronic  signals  were 
supplied  to  the  computer  from  pressure  and  temperature  transducers  and 
associated  signal  conditioning  equipment.  The  static  pressure  and  the 
differential  pressure  were  measured  with  transducers  whose  output  was  current 
proportional  to  pressure.  Current  from  each  of  the  transducers  passed  through 
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a precision  resistor  and  the  voltage  across  the  resistor  was  read  and 
digitized,  then  fed  to  the  computer.  The  computer  also  recorded  the  voltage 
across  the  platinum  resistance  thermometer  used  to  measure  fluid  temperature. 
All  of  the  digitized  voltage  signals  were  recorded  on  mass  storage  disks  and 
subsequently  transmitted  to  a larger  main  frame  computer  where  all  data 
reduction,  analysis  and  presentation  were  performed. 

The  differential  pressure  across  the  orifice  plate  was  measured  at  the 
flange  taps  using  two  differential  pressure  transducers.  The  lower  range 
transducer  which  was  0 to  25  kPa  was  used  until  the  range  was  exceeded,  then 
the  high  range  transducer  0 to  50  kPa  was  automatically  selected.  Both  of 
these  transducers  experienced  small  but  significant  changes  in  the  zero  signal. 
This  change  necessitated  daily  calibrations  and  use  of  the  calibration  for  that 
days  tests.  The  differential  pressure  transducers  were  calibrated  using  a 
cistern  mercury  manometer  at  a base  pressure  of  4.1  MPa  which  was  near  the 
system  operating  pressure.  This  mercury  manometer  was  calibrated  at  ambient 
base  pressure  with  an  air  dead  weight  gauge  certified  by  NBS.  Corrections  were 
made  to  the  mercury  manometer  reading  to  adjust  the  ambient  pressure 
calibration  to  the  4.1  MPa  base  pressure.  These  corrections  were  verified  by 
using  two  dead  weight  gauges,  one  for  the  base  pressure  and  the  other  for  the 
base  plus  the  differential  pressure.  This  technique  and  documentation  of  the 
accuracy  of  the  pressure  calibration  facility  has  been  reported  by  Sindt  and 
LaBrecque  [10]. 

The  640  individual  differential  pressure  calibration  data  points  were 
fitted  to  a straight  line.  Statistical  analysis  show  a residual  standard 
deviation  of  22  Pa  where  as  for  any  of  the  single  calibrations  using  12  points 
fitted  to  a straight  line,  the  residual  standard  deviation  ranged  from  5 to 
15  Pa.  The  total  uncertainty  limit  of  any  single  reading  of  these  transducers 
is  predicted  to  be  38  to  54  Pa  depending  on  the  reading.  The  total  uncertainty 
limit  for  30  measurements,  the  minimum  taken  per  test  point,  is  estimated  to  be 
0.07%  at  50  kPa,  0.1%  at  25  kPa  and  0.7%  at  2.5  kPa.  This  total  uncertainty 
limit  includes  the  uncertainty  contributed  by  the  transducers,  the  mercury 
manometer  and  the  dead  weight  gauge. 

The  static  pressure  was  measured  at  the  downstream  orifice  flange  tap 
using  a transducer  with  a range  of  0 to  6.895  MPa.  This  transducer  was 
calibrated  daily  using  an  air  dead  weight  gauge  that  was  certified  by  NBS  [10]. 
Nine  hundred  and  thirty-five  calibration  data  points  from  this  transducer  were 
fitted  to  a straight  line.  The  resulting  residual  standard  deviation  from  this 
fit  was  within  + 0.12%  at  the  4.1  MPa  operating  pressure. 

The  gas  temperature  was  measured  downstream  from  the  end  of  the  orifice 
meter  runs  using  a platinum  resistance  thermometer  driven  by  a current  source 
which  maintained  a constant  current  within  + 0.01%.  The  thermometer  was 
calibrated  by  comparison  with  a transfer  standard  certified  by  NBS. 

Comparisons  were  made  at  the  water  ice  point  and  at  points  up  to  37  K above  the 
ice  point.  From  these  comparisons  the  estimated  uncertainty  of  the  thermometer 
readings  was  -0.26  K to  + 0.15  K for  one  reading;  for  thirty  readings  the 
estimated  uncertainty  was  -0.12  K to  + 0.0  K.  The  procedure  for  calibration 
was  to  first  check  the  water  ice  point  reading  of  both  the  thermometer  and  the 
transfer  standard,  then  comparisons  were  made  at  about  six  points  up  to  310  K. 
The  ice  point  was  again  checked  as  the  last  reading. 


For  all  of  the  meter  installations  shown  on  Figure  4,  the  thermometer  was 
located  0.6  m downstream  from  the  last  flange  indicated  on  the  schematic.  The 
distance  from  the  orifice  plate  to  the  thermometer  was  the  length  of  the 
downstream  meter  section  plus  any  spool  piece  and  reducer  shown  on  Figure  4 
plus  0.6  m. 

3.3  Flow  Test  Procedures 

As  previously  stated  tests  were  conducted  on  two  sets  each  of  four  sizes 
of  meter  runs.  Each  meter  run  is  identified  as  FE1  through  FE8  and  includes 
uostream  and  downstream  piping.  Each  meter  run  had  six  pairs  of  orifice  plates 
covering  a range  of  beta  ratios  of  approximately  0.2  to  0.75.  Plates  of  the 
same  nominal  size  were  identified  with  the  same  numeric  value  from  1 to  6. 
Individual  plates  of  the  same  size  were  further  identified  with  a suffix  of  A 
or  B. 

For  the  tests  reported  here  the  orifice  pressure  differential  was  limited 
to  the  range  2.5  to  50  kPa.  The  flow  facility  has  a gas  flow  range  limitation 
of  0.45  to  2.5  kg/s.  These  two  limitations  precluded  testing  all  the  orifice 
plates  in  any  meter  size.  For  a variety  of  other  reasons  not  all  plate-meter 
run  combinations  were  tested.  Table  1 lists  the  orifice  plate-meter  run 
combinations  that  were  available.  An  "X"  in  the  body  of  the  table  indicates 
the  combinations  that  were  tested. 


Table  1.  Orifice  Plate-Meter  Run  Test  Combinations 


Run/Orifice  1A  IB  2A  2B  3A  3B  4A  4B  5A  5B  6A  6B 


FE1 

FE2 


X X X X X X 

X X X X 


FE3 

FE4 


X 

X 


X 

X 


X 


X 

X 


X 


X 

X 


X 

X 


X 

X 


FE5 

FE6 


X X 
X X 


X X 
X X 


X X 
X X 


X X 
X X 


X X 
X X 


FE7 

FE8 


X 

X 


X 

X 


X 

X 


X 


X 

X 


X 

X 


X 

X 


X 

X 


The  test  plan  used  in  this  study  was  randomized  in  flow  rate,  plate 
selection  and  run  selection.  A series  of  randomized  flow  rate  tests  were 
conducted  for  each  orifice  plate-meter  run  combination.  The  method  of  taking 
data  with  continuously  increasing  or  decreasing  flow  rates  was  not  used. 
Repeated  flow  rate  points  were  also  randomized.  With  one  exception,  repeated 
tests  with  a given  orifice  plate  were  not  done  without  at  least  removing  and 
replacing  the  plate  in  the  meter  run.  Normally,  repeated  tests  were  not  done 
consecutively. 
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The  data  were  analyzed  by  calculating  the  product  of  the  discharge 
coefficient,  C,  and  the  expansion  factor,  Y2,  and  plotting  the  results  as  a 
function  of  the  bore  Reynolds  Number.  It  was  not  possible  to  separate  the 
values  of  C and  Y2  in  this  phase  of  the  test  program  although  tests  are 
underway  which  will  allow  this  to  be  done. 

The  CY2  product  was  calculated  using  equation  (1). 

(constant) (m) ( l-£4) 2 (1) 

(F  ){i2)(pAP)h 

a 

= discharge  coefficient 

= expansion  factor  based  on  downstream  pressure 
= mass  flow  rate 
= diameter  ratio  or  beta 
= orifice  diameter 

= orifice  plate  thermal  contraction  factor  [6] 

= gas  density 

= orifice  differential  pressure 
= numeric  function  of  dimensions  and 
conversion  factors. 

When  the  mass  flow  rate  is  in  units  of  kg/s,  orifice  diameter  is  in  units 
of  cm,  gas  density  is  in  units  of  kg/m3  and  differential  pressure  is  in  units 
of  kPa,  then  the 


CY, 


where 


C 

T2 

m 

6 

d 

Fa 


P 

£p 

constant 


constant 


(4)  (10,000  cm2/m2) 
tt(  (2)  1,000  Pa/kPa)^ 


284.705  (SI  units) 


When  the  mass  flow  rate  is  in  units  of  lbm/s,  orifice  diameter  is  in 
units  of  inches,  gas  density  is  in  units  of  lbm/ft3  and  differential 
pressure  is  in  units  of  inches  of  H2O,  then  the 


constant 


where  pw 
9c 


(4)  (144  in2/ft2) 
tt(pw/12P  (2  gcT2 


10.0258  (British  units) 


62.3664  lb/ft3;  the  density  of  water  at  60°F(1  atm.)  [11]. 
32.174  1 bm* ft/1 bf * s3;  the  gravitational  constant. 
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3.4  Test  Results 


The  test  identification  is  used  to  specify  a single  test  or  group  of  tests 
and  is  carried  through  all  of  the  tables.  The  key  for  the  test  identification 
is  as  follows: 


BFE1-4A-072981-C9] 


Test  run  at  NBS-Boulder 


Individual  test  point  number(s) 


Meter  run  and  plate  number 


Test  date  as  MMDDYY 


Tabular  values  for  all  values  of  the  physical  measurements  of  the  orifice 
plates  and  meter  runs  available  to  this  project  are  given  in  tables  2 (a), 

3 (a),  4 (a)  and  5 (a)  in  the  International  System  of  Units  (SI).  The  same 
information  is  also  provided  in  U.S.  Customary  Units  (British)  in  tables  6 (a), 
7 (a),  8 (a)  and  9 (a).  All  measured  parameters  taken  during  the  test  program 
and  all  calculated  values  are  tabulated  in  tables  2 (b),  3 (b),  4 (b)  and  5(b) 
in  SI  units  and  in  tables  6 (b),  7 (b),  8 (b)  and  9 (b)  in  British  units. 


The  number  of  significant  digits  shown  in  the  tables  are  more  than  can  be 
justified  by  the  accuracy  limitations  but  are  carried  for  computational 
consistency.  The  differential  pressures  in  these  tables  are  based  on  a 
density  of  water  at  288. 71K  (101.325  kPa)  as  being  0.999014  X 103  kg/m3 
[11]. 


CY2  and  KY2  values  were  calculated  for  each  of  the  "N"  data  samples. 

The  tabulated  values  were  determined  by  taking  a simple  average  of  the 
individual  calculations  for  each  test  point. 

All  the  CY2  values  in  the  tables  are  plotted  as  a function  of  the 
reciprocal  bore  Reynolds  Number  in  figures  5 through  8.  Also  included  in  the 
figures  are  curves  denoting  the  values  of  CY2  that  were  calculated  using  the 
two  methods  specified  by  the  ANSI/API  2530  and  the  ISO  5167  standards  [12]. 

The  value  of  Y2  used  in  both  curves  was  calculated  as  specified  in  the 
ANSI/API  2530  standard  and  is  responsible  for  the  upward  curvature  at  high  bore 
Reynolds  Numbers. 

From  the  figures  it  is  apparent  that  the  standards  do  not  adequately 
predict  experimental  data  for  all  line  sizes  and  beta  ratios.  The  data  have 
size  and  beta  ratio  dependencies  different  from  those  predicted  by  the 
standards. 

Figure  9 shows  the  relative  relationship  of  the  data  presented  here  with 
the  original  water  data  [13]  from  which  both  standards  were  developed. 

3.5  Future  Plans 

During  1984  and  1985,  NBS  plans  to  continue  evaluation  and  analysis  of 
these  data  under  GRI  sponsorship.  The  ultimate  goal  of  this  research  is  to 
establish  an  accurate  relationship  for  measuring  high  volume  gas  flows  using 
orifice  meters. 
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Table  2(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  2 Inch  AGA/API  Orifice  Meter  (SI  Units). 


Test 

Test 

Run 

Orifice 

Beta 

Identification 

Configuration 

Diameter 

(cm) 

Diameter 

(cm) 

Ratio 

BFE1-4A-072981- [ 9 ] 

1981-C 

5.2520 

2.8555 

0.5437 

BFE1-4A-050582- [ 9 ] 

1981-D 

5.2520 

2.8555 

0.5437 

BFE1-4B-050682- [ 8 ] 

1981-D 

5.2520 

2.8565 

0.5439 

BFE2-4A-011282- [ 5 ] 

1981-D 

5.2598 

2.8555 

0.5429 

BFE2-4A-011482- [ 1 ] 

1981-D 

5.2598 

2.8555 

0.5429 

BFE2-4A-011582- [ 9 ] 

1981-D 

5.2598 

2.8555 

0.5429 

BFE2-4B-011482- [ 8 ] 

1981-D 

5.2598 

2.8565 

0.5431 

BFE1-5A-073081- [ 9 ] 

1981-C 

5.2520 

3.4917 

0.6648 

BFE1-5A-050682- [ 9 ] 

1981-D 

5.2520 

3.4917 

0.6648 

BFE1-5B-111881- [ 9 ] 

1981-D 

5.2520 

3.4915 

0.6648 

BFE1-5B-050582- [ 9 ] 

1981-D 

5.2520 

3.4915 

0.6648 

BFE2-5A-011382- [ 9 ] 

1981-D 

5.2598 

3.4917 

0.6639 

BFE2-5B-011382- [ 9 ] 

1981-D 

5.2598 

3.4915 

0.6638 

BFE2-5B-011582- [ 9 ] 

1981-D 

5.2598 

3.4915 

0.6638 

BFE1-6A-072981- [ 8 ] 

1981-C 

5.2520 

3.8108 

0.7256 

BFE1-6A-073181- [ 9 ] 

1981-C 

5.2520 

3.8108 

0.7256 

BFE1-6A-111881- [ 7 ] 

1981-D 

5.2520 

3.8108 

0.7256 

BFE1-6B-073081- [ 9 ] 

1981-C 

5.2520 

3.8105 

0.7255 

BFE1-6B-073181- [ 9 ] 

1981-C 

5.2520 

3.8105 

0.7255 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  154  tests  were  run  on  the 
nominal  2 inch  run  size. 
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BPE2-4A-01 1482-1  165.45  310.85  4067.3  290.53  17.706  133  0.5322  47.489  0.6127  0.6411  1.2997E+06 


Table  2(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  2 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  2(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  2 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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) (cont.).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  2 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  3(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  3 Inch  AGA/API  Orifice  Meter  (SI  Units). 


Test 

Identification 


BFE3-2A-011982- [ 8 ] 
BFE3-2B-01 218 2- [ 9 ] 
BFE4-2A-0707  8 2- [ 6 ] 
BFE4-2B-070782- [ 4 ] 
BFE4-2B-070982- [ 9 ] 

BFE3-3B-012282- [ 9 ] 
BFE4-3A-061981- [ 9 ] 
BFE4-3A-072381- [ 9 ] 
BFE4-3B-0618  81- [ 9 ] 
BFE4-3B-07  2281- [ 9 ] 

BFE3-4B-011982- [ 9 ] 
BFE3-4B-0122  82- [ 9 ] 
BFE4-4A-061981- [ 9 ] 
BFE4-4A-Q72181- [ 9 ] 
BFE4-4B-070282- [ 9 ] 

BFE3-5A-012082- [ 8 ] 
BFE3-5B-012Q82- [ 9 ] 
BFE4-5A-070282- [ 9 ] 
BFE4-5B-070882- [ 10  ] 
BFE3-6B-012182- [ 8 ] 

BFE4-6A-0617  81- [ 9 ] 
BFE4-6A-072281- [ 9 ] 
BFE4-6B-07  088  2- [ 9 ] 


Test 

Run 

iguration 

Diameter 

(cm) 

1982-A 

7.7925 

1982-A 

7.7925 

1982-A 

7.7922 

1982-A 

7.7922 

1982-A 

7.7922 

1982-A 

7.7925 

1981-B 

7.7922 

1981-B 

7.7922 

1981-B 

7.7922 

1981-B 

7.7922 

1982-A 

7.7925 

1982-A 

7.7925 

1981-B 

7.7922 

1981-B 

7.7922 

1982-A 

7.7922 

1982-A 

7.7925 

1982-A 

7.7925 

1982-A 

7.7922 

1982-A 

7.7922 

1982-A 

7.7925 

1981-B 

7.7922 

1981-B 

7.7922 

1982-A 

7.7922 

Orifice 

Beta 

Diameter 

Ratio 

(cm) 

2.8575 

0.3667 

2.8572 

0.3667 

2.8575 

0.3667 

2.8572 

0.3667 

2.8572 

0.3667 

3.8092 

0.4888 

3.8100 

0.4890 

3.8100 

0.4890 

3.8092 

0 .4889 

3.8092 

0.4889 

4.4445 

0.5704 

4 .4445 

0.5704 

4.4458 

0.5705 

4.4458 

0.5705 

4 . 4445 

0.5704 

5.0815 

0.6521 

5.0795 

0.6519 

5.0815 

0.6521 

5.0795 

0.6519 

5.7140 

0.7333 

5.7130 

0.7332 

5.7130 

0.7332 

5.7140 

0.7333 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  197  tests  were  run  on  the 
nominal  3 inch  run  size. 
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Table  3(b).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  3(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (SI  Units). 


Q) 

o 

•H  01 

in  K tj 
•H  O K 
K CQ 
O 


>h 

a 


X 

U 


(1)  >1~ 

O M -pro 

•H  Q)  *H  £ 
^ +J  (/)  \ 
•rl  (D  C U1 

U x V X 
O Q — 


to 

3 

0) 

(0 

to 

0 

P 

\ 

(C 

r— 1 

fC 

CP 

S 

a 

a 

X 

05 

<11 

<d 

H 

+J 

Qj  Z 

<d 

s 

Q 

(T3 

• 

• 

CO 

— « » 

p 

CO 

<D 

cd 

4-4 

<D 

V 

a. 

•H 

Q 

o 

Q 

CQ 

z 

(N 

a 

0) 

B 

■p 

a> 

0 

Eh 

z 

• 

1 — 1 

CO 

<— * 

CO 

<D 

cd 

a) 

pi 

cu 

Pi 

0 

cq 

z 

• — ’ 

4-> 

p 

P <D 

<—* * 

co 

<d  E 

CO 

a) 

Pi  -h 

> — ' 

Eh 

Q Eh 

■P 

p 

P 

«— S 

CO 

cd 

Os 

Q) 

p 

Eh 

Q 

P 

V) 

<D 

6-» 


C 

O 

•H 

P 

H3 

O 

•H 

'-w 

•H 

P 

c 

0) 

T3 

M 


vO 

VO 

vO 

VO 

VO 

vO 

VO 

vO 

LO 

VO 

vO 

VO 

VO 

VO 

vO 

VO 

VO 

in 

VO 

vO  VO 

VO 

VO 

VO 

VO 

vO 

in 

vO 

vO 

VO 

vO 

VO 

VO 

vO 

vO 

in 

O 

O 

O 

O 

o 

O 

o 

O 

O 

O 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

4- 

4- 

+ 

•f 

-t- 

4- 

+ 

4- 

H" 

H- 

H- 

H- 

H- 

4- 

H- 

4- 

4- 

H- 

4- 

+ 

H- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

ON 

VO 

CO 

vO 

CO 

VO 

vO 

O 

P 

m 

in 

m 

p 

00 

p 

CO 

o 

vO 

rH 

CO 

O 

CN 

CN 

p 

00 

(Tv 

rH 

p 

co 

CN 

in 

p 

CTv 

UP 

r— 1 

O 

vO 

as 

CN 

vO 

CO 

in 

f“H 

CN 

CO 

o 

CO 

CN 

p 

p 

CO 

rH 

as 

co 

(Tv 

O 

vO 

o 

rH 

O 

p 

30 

CN 

CO 

p 

m* 

CN 

ro 

CN 

o 

T 

o 

IT) 

in 

rH 

CO 

P 

CO 

VO 

m 

rH 

CO 

co 

p 

p 

VO 

CO 

CN 

O 

CN 

CTv 

in 

rH 

in 

CN 

co 

H* 

n 

*^r 

vO 

CO 

CO 

00 

r— 4 

VO 

00 

r-H 

CO 

rH 

<T 

p 

in 

00 

CN 

rH 

VO 

rH 

00 

CN 

o 

VO 

p 

CO 

rH 

CN 

CO 

in 

CN 

vO 

CN 

rH 

co 

rH 

00 

VO 

rH 

CN 

r-H 

H 

CN 

rH 

i-H 

CN 

<T 

CN 

rH 

CN 

CN 

<H 

rH 

rH 

rH 

00 

CN 

rH 

rH 

CN 

rH 

rH 

CN 

rH 

CT« 

rH 

CN 

<H 

CN 

rH 

CN 

rH 

CN 

(T 

CO 

in 

in 

o 

in 

rH 

(T 

vO 

o 

vO 

CT 

p 

rH 

co 

co 

CN 

CN 

<T 

CN 

rH 

CN 

<T 

o 

CO 

00 

T 

CN 

co 

vo 

in 

CT 

p 

in 

in 

p 

CN 

uo 

in 

CO 

n 

vO 

p 

rH 

VO 

vO 

"S’ 

O 

CN 

CN 

in 

in 

o 

in 

p 

H" 

M* 

■^T 

P 

<T 

p 

in 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

(N 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CO 

CN 

CN 

CN 

CN 

CN 

CO 

CN 

CN 

CN 

CN 

CN 

CN 

rH 

CN 

CN 

CN 

CN 

VO 

vO 

vO 

vO 

vo 

VO 

vO 

VO 

vO 

vO 

VO 

VO 

vo 

vO 

VO 

vO 

VO 

VO 

VO 

VO 

vO 

VO 

VO 

vO 

VO 

vo 

vo 

VO 

VO 

VO 

vO 

VO 

vo 

VO 

vO 

VO 

o 

O 

O 

o 

o 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

o 

o 

o 

O 

o 

O 

O 

o 

o 

o 

o 

O 

CN 

CO 

H' 

(Tv 

CO 

o 

00 

■O' 

00 

VO 

00 

VO 

CN 

O 

CN 

CN 

rH 

CP 

CT 

CN 

O 

rH 

00 

CO 

vo 

vo 

CO 

CO 

•H 

rH 

VO 

CO 

p 

VO 

P 

p 

(T 

•*r 

VO 

p 

in 

p 

00 

CO 

CO 

VO 

vo 

00 

VO 

VO 

00 

vO 

rH 

H* 

VO 

P 

p* 

rH 

p 

<T 

vo 

vO 

VO 

<T 

i — 1 

CT 

VO 

p 

VO 

o 

o 

O 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

O 

rH 

O 

O 

O 

o 

o 

rH 

o 

o 

o 

O 

o 

O 

o 

O 

o 

o 

o 

vO 

VO 

VO 

vo 

VO 

vO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

vo 

VO 

VO 

vo 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

vO 

vo 

VO 

vO 

VO 

VO 

VO 

vO 

VO 

VO 

vO 

vO 

o 

o 

O 

o 

O 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

O 

CO 

00 

VO 

H 

rH 

CN 

CO 

<T 

CO 

vo 

r- 

rH 

CN 

o 

rH 

CT 

CN 

CT 

O 

rH 

(T 

O 

in 

cn 

r- 

rH 

CT 

vO 

CN 

vo 

o 

in 

VO 

CN 

(T 

rH 

CT 

CO 

H' 

VO 

CT 

CN 

•H 

o 

00 

CO 

CN 

CN 

VO 

rH 

vo 

rH 

00 

O 

in 

CN 

00 

vo 

pi 

CO 

Tv 

in 

*H 

CN 

CO 

o 

CO 

00 

<=r 

vO 

in 

rH 

O 

CO 

rH 

<T 

(T 

rH 

VO 

CO 

CO 

CO 

in 

VO 

in 

in 

VO 

o 

in 

in 

vo 

p* 

o 

00 

o 

CO 

00 

O 

n 

CN 

00 

VO 

CO 

P 

vo 

00 

00 

P 

00 

VO 

r- 

r- 

p- 

00 

00 

00 

00 

00 

P^ 

p* 

p* 

VO 

00 

00 

p- 

00 

00 

00 

CO 

00 

P' 

CT 

O'* 

<3* 

•'T 

^4* 

H* 

•^r 

P' 

00 

r- 

vo 

n 

CO 

CN 

CO 

<T 

in 

rH 

CO 

CT 

CO 

00 

p* 

<T 

O 

rH 

CN 

00 

O 

VO 

“3* 

O 

CO 

rH 

CN 

vo 

CN 

co 

CN 

vO 

VO 

H- 

(T 

CT 

rH 

N* 

VO 

CO 

CT 

00 

00 

CO 

CO 

00 

or 

o 

VO 

co 

rH 

o 

in 

CO 

in 

vO 

•*3* 

CT 

m 

CO 

rH 

VO 

00 

00 

CN 

CO 

CT 

rH 

CO 

O 

CO 

CO 

rH 

in 

•O' 

co 

CN 

p~ 

CT 

CN 

00 

co 

rH 

CT 

CN 

o 

rH 

VO 

CN 

VO 

CN 

00 

rH 

CN 

in 

CN 

m 

CN 

in 

in 

CT 

in 

VO 

rH 

in 

in 

CO 

in 

CN 

VO 

p- 

00 

VO 

or 

CN 

in 

CT 

or 

vo 

CN 

LO 

P* 

CN 

00 

CN 

vD 

m 

VO 

in 

in 

0. 

i. 

0. 

0. 

rH 

0. 

0. 

1. 

0. 

rH 

0. 

i. 

1. 

0. 

0. 

0. 

0. 

o 

l. 

0. 

0. 

i. 

0. 

0. 

1. 

0. 

0. 

0. 

1. 

0. 

rH 

0. 

i. 

0. 

i. 

0. 

P- 

rH 

CT 

or 

rH 

CO 

in 

vO 

or 

o 

CO 

(T 

rH 

CN 

00 

in 

CN 

<T 

co 

■'T 

or 

rH 

m 

O 

or 

CN 

P~ 

O 

00 

p* 

CO 

or 

O 

co 

CT 

o 

m 

CN 

00 

m 

CN 

o 

VO 

m 

00 

or 

VO 

CN 

<T 

00 

CN 

CN 

VO 

O 

00 

m 

o 

rH 

vo 

o 

CN 

O 

VO 

CO 

vo 

CN 

in 

CN 

or 

or 

rH 

> — 4 

i — 1 

rH 

rH 

»H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

O 

rH 

vo 

m 

m 

or 

vO 

VO 

rH 

00 

rH 

p* 

o 

CT 

co 

CO 

H 

in 

in 

CT 

(T 

CN 

in 

co 

r* 

00 

VO 

vo 

vo 

as 

uo 

CN 

P- 

rH 

VO 

CT 

vo 

CN 

rH 

VO 

(T 

00 

rH 

o 

o 

CO 

rH 

o 

in 

CT 

in 

r* 

o 

H 

in 

o 

<T 

as 

as 

o 

CN  H 

T 

CN 

vo 

or 

rH 

m 

<T 

o 

CO 

00 

in 

o 

CN 

CN 

<T 

p- 

H5 

H 

CO 

m 

H 

co 

uo 

H 

as 

H 

CN 

CP 

VO 

Os 

CN 

VO 

o 

CT 

P- 

(T 

p* 

*H 

00 

in 

00 

in 

(T 

rH 

00 

CN 

VO 

H 

p» 

P' 

o 

p- 

O 

rH 

uo 

CN 

o 

VO 

O 

as 

P* 

O 

in 

<H 

or 

rH 

or 

rH 

CN 

•^r 

• — i 

CO 

rH 

rH 

CO 

H 

H 

CO 

*H 

H 

co 

H 

co 

■<r 

UO 

in 

VO 

as 

00 

H 

O 

CT 

CN 

H 

CN 

CT 

P* 

CO 

as 

in 

co 

VD 

00 

VD 

CT 

CN 

n 

H 

P- 

O 

o 

CT 

in 

•*T 

VD 

CN 

r- 

CT 

00 

in 

r- 

p- 

H 

O 

CT 

as 

as 

00 

H 

in 

in 

CN 

as 

VD 

o 

H 

CN 

VD 

H 

as 

VD 

00 

CN 

UO 

as 

in 

O 

•<T 

UO 

vD 

UO 

00 

UO 

CO 

00 

00 

00 

CT 

CT 

00 

00 

00 

as 

O 

as 

as 

o 

as 

as 

o 

O 

o 

H 

H 

o 

H 

H 

H 

H 

H 

as 

<T 

as 

00 

as 

00 

as 

00 

CT 

00 

00 

CO 

00 

00 

00 

CO 

00 

00 

co 

as 

30 

00 

as 

00 

00 

CT 

as 

CT 

as 

CT 

as 

as 

as 

as 

CT 

as 

co 

00 

00 

00 

CO 

00 

00 

CO 

CO 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

in 

m 

00 

VD 

CN 

^r 

O 

H 

H 

00 

H 

H 

o 

00 

o 

p- 

in 

CN 

CN 

o 

ro 

CO 

in 

as 

in 

H 

o 

o 

H 

p 

in 

ro 

H 

p* 

CO 

*=r 

CT 

ro 

(O 

CO 

H 

O 

ro 

00 

H 

CN 

00 

o 

o 

p* 

CN 

P- 

H 

CT 

H 

in 

ro 

CO 

o 

as 

o 

CO 

ro 

00 

CN 

CN 

uo 

00 

H 

00 

H 

uo 

vO 

o 

00 

ro 

O 

H 

(T 

CN 

VD 

CO 

CO 

CN 

o 

VD 

in 

as 

r- 

o 

CO 

P* 

00 

CO 

as 

o 

as 

P' 

VD 

ro 

CO 

o 

as 

H 

CT 

H 

o 

as 

H 

o 

o 

H 

O 

O 

O 

O 

t — 1 

H 

H 

H 

H 

o 

o 

o 

o 

H 

H 

o 

H 

H 

H 

o 

o 

O 

H 

o 

1 — 1 

o 

H 

•^r 

ro 

rr 

•^r 

CO 

T 

O' 

O' 

O' 

O’ 

O’ 

O' 

O' 

O’ 

o 

O 

O 

O 

o 

o 

o 

o 

O 

O 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

O 

UO 

CN 

rH 

H 

as 

UO 

00 

CN 

<T 

VD 

CN 

• — 1 

H 

CN 

H 

P 

VD 

H 

VD 

CN 

VD 

LO 

CT 

m 

in 

as 

O 

P 

ro 

UO 

CN 

P 

vD 

00 

*5* 

CN 

p 

in 

UO 

O 

CO 

in 

p 

o 

P 

rH 

CN 

00 

H 

as 

CN 

VD 

CO 

CT 

in 

P 

as 

ro 

o 

in 

CN 

VD 

o 

p 

Os 

P 

p 

00 

H 

00 

P 

CN 

VD 

p 

as 

uo 

^r 

UO 

as 

rH 

P 

VD 

O 

CO 

O 

P 

VD 

ro 

in 

00 

VD 

o 

00 

00 

as 

o 

p 

o 

UO 

00 

00 

O 

o 

H 

o 

as 

H 

as 

uo 

ro 

H 

H 

H 

as 

ro 

o 

CT 

O 

as 

H 

uo 

uo 

ro 

as 

ro 

in 

o 

uo 

as 

H 

as 

H 

UO 

CN 

H 

ro 

H 

H 

CN 

CN 

H 

ro 

H 

CN 

rH 

H 

CN 

CN 

CN 

CN 

ro 

H 

CN 

H 

H 

CN 

CN 

H 

CN 

CN 

CN 

H 

CN 

H 

CN 

H 

CN 

H 

ro 

p 

CO 

H 

CN 

UO 

ro 

H 

H 

O 

VD 

O 

H* 

ro 

H 

UO 

CN 

VD 

as 

O 

ro 

VD 

H 

ro 

00 

UO 

VD 

00 

O 

CN 

VD 

ro 

ro 

UO 

O 

ro 

p 

ro 

■^T 

VD 

uo 

o 

as 

P 

ro 

H 

as 

H 

•^ 

O 

o 

CN 

VD 

ro 

o 

o 

P 

P 

o 

ro 

P 

ro 

00 

ro 

P 

ro 

CN 

VD 

H 

CN 

o 

O 

r“ 4 

O 

o 

H 

o 

O 

H 

H 

H 

o 

H 

CN 

CN 

H 

CN 

00 

CN 

ro 

00 

P 

P 

vD 

CN 

CN 

VD 

ro 

ro 

•<r 

uo 

00 

00 

CO 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

CO 

H* 

00 

■^r 

p 

P 

P 

in 

00 

00 

uo 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

H 

H 

H 

rH 

H 

H 

H 

H 

H 

H 

H 

H 

H 

r — 1 

H 

H 

H 

H 

H 

H 

H 

i — 1 

H 

H 

H 

H 

r — 4 

H 

H 

H 

H 

H 

H 

H 

H 

H 

rH 

CN 

1 

ro 

l 

UO 

1 

VD 

1 

P 

00 

as 

H 

CN 

ro 

UO 

1 

VD 

P 

00 

1 

as 

■ 

H 

CN 

I 

ro 

H* 

i 

in 

VD 

i 

P 

00 

1 

CT 

H 

CN 

ro 

N* 

in 

VD 

P 

00 

as 

CN 

CN 

CN 

CN 

1 

CN 

PI 

CN 

CN 

CN 

• — 1 

i — 1 

H 

H 

1 

H 

H 

H 

1 

H 

i 

H 

H 

1 

H 

H 

1 

H 

H 

1 

H 

H 

1 

H 

H 

H 

H 

H 

> — 1 

i — i 

rH 

H 

H 

H 

00 

00 

00 

03 

00 

co 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

00 

00 

00 

00 

00 

00 

00 

00 

CO 

00 

00 

ao 

00 

00 

CN 

CN 

CN 

CN 

CN 

PI 

CN 

CM 

CN 

CT 

CT 

as 

CT 

CT. 

CT 

<T 

as 

CT 

ro 

Pi 

ro 

ro 

m 

ro 

ro 

03 

ro 

00 

CO 

00 

00 

00 

CO 

00 

00 

CO 

CM 

CN 

Pi 

CN 

CN 

PI 

CN 

CN 

CN 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CN 

CM 

CN 

CN 

CN 

CN 

CN 

P) 

CN 

H 

rH 

H 

H 

H 

H 

H 

H 

i — 1 

i — i 

i — 1 

H 

1 — 1 

r- 

1 — ! 

H 

H 

H 

VD 

VD 

VD 

VD 

VD 

vD 

vD 

VD 

VD 

P 

P 

p 

P 

P 

p 

P 

P 

P 

VD 

VD 

VD 

VD 

VD 

vD 

VD 

vD 

VD 

O 

1 

O 

1 

O 

O 

1 

o 

O 

O 

O 

O 

O 

O 

O 

O 

i 

O 

O 

O 

O 

O 

o 

o 

o 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

CQ 

i 

CQ 

CQ 

l 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

< 

1 

< 

i 

< 

1 

< 

< 

1 

< 

< 

< 

< 

< 

1 

< 

< 

1 

< 

1 

< 

< 

1 

< 

1 

< 

1 

< 

1 

CQ 

1 

CQ 

CQ 

1 

CQ 

1 

CQ 

1 

CQ 

1 

CQ 

1 

CQ 

1 

CQ 

r-3 

1 

ro 

| 

ro 

1 

ro 

i 

ro 

i 

ro 

l 

ro 

l 

ro 

ro 

1 

ro 

ro 

ro 

on 

ro 

ro 

ro 

ro 

ro 

ro 

i 

ro 

ro 

i 

ro 

■ 

ro 

ro 

■ 

ro 

CO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

00 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

M* 

N* 

H* 

M* 

H- 

i 

M* 

M* 

i 

H* 

i 

H- 

i 

O' 

^r 

•^ 

W 

w 

W 

W 

W 

w 

W 

W 

W 

w 

W 

« 

CQ 

W 

CQ 

CQ 

CQ 

CQ 

a 

CQ 

a 

a 

CQ 

a 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

(H 

Ch 

(H 

In 

(h 

Pu 

(H 

fri 

(H 

Ch 

Ch 

Eh 

Ch 

Ch 

Ch 

Ch 

Ch 

Eh 

a 

CQ 

a 

a 

CQ 

a 

Ch 

CQ 

CQ 

CQ 

CQ 

CQ 

IQ 

CQ 

Ch 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

« 

CQ 

a 

CQ 

CQ 

a 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

44 


CO 

3 


c 

<0 

3 

O' 


0) 

4-1 

3 

3 

O 

(0 

o 

■o 

5 

Tl 

a) 

u 

3 

U ) 

- 

£ 


u 

1 

-C 

E 

3 

2 


in 

3 

e- 


c 

0 

o 


to 


c 

o 

.—I 

C/J 


u 

3 

*J 

3 

£ 

3 

O 


vw 

■H 

W 

O 


a 

< 

\ 

< 

o 

< 

o 

c 


m 


3 

C 

■H 

= 

0 

2 


ro 

0 

2 

- 

E-» 


vOvC^vCvCvDvOvDin  V OXXXXXXXin  XXXXXXXXlO 

o o o oooooo  ooo  o ooooo  oooo  o o o o o o o o o o o o o o 


3 

+ 

+ 

+ 

+ 

+ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4 

4 

4 

4 

4 

■4 

4 

4 

o 

a 

« 

a 

a 

M 

H 

H 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

fa 

fa 

•H 

3 

X 

CO 

X 

0> 

CN 

in 

X 

o 

CN 

x 

as 

X 

OS 

X 

CN 

4 

4 

m 

m 

X 

OS 

CN 

X 

in 

X 

CN 

p 

CN 

X 

Ov 

X 

in 

X 

CN 

u 

XI 

O 

o 

CN 

•—* 

ro 

as 

CN 

rX 

O 

X 

X 

os 

rX 

o 

OV 

rH 

ro 

X 

X 

X 

O 

O 

o 

X 

OS 

O 

Os 

CN 

X 

4* 

m 

as 

CN 

CN 

CN 

p 

•H 

0 

a 

p 

CO 

lD 

X 

o 

o 

CN 

X 

4 

X 

X 

X 

O 

CN 

ro 

4 

ro 

rH 

p 

rH 

X 

4 

p 

CN 

4 

CN 

•*3* 

CN 

X 

CN 

X 

4 

p 

X 

P 

a 

cn 

o 

X 

X 

CN 

4 

0 

o 

X 

ro 

CN 

ro 

co 

X 

ro 

p 

p 

rH 

•<3* 

CN 

4 

CN 

o 

CN 

p 

p 

OS 

O 

X 

X 

ro 

p 

4 

X 

o 

in 

CN 

X 

■h 

CN 

CN 

X 

CN 

X 

as 

ro 

X 

CN 

X 

ov 

ro 

X 

X 

X 

ro 

rH 

CN 

rH 

X 

ro 

rH 

X 

p 

rH 

ro 

X 

CN 

rH 

X 

CN 

X 

4 

X 

in 

4 

rH 

o 

CN 

X 

rH 

p 

X 

o 

X 

X 

OV 

X 

rH 

X 

vo 

CN 

H* 

CN 

CN 

X 

so 

in 

so 

as 

X 

4 

in 

X 

in 

sO 

4 

in 

IN 

X 

n 

X 

X 

in 

CN 

in 

VO 

4 

ov 

4 

o 

O 

X 

rH 

X 

O 

H" 

X 

VO 

X 

p' 

O 

o 

o 

o 

p~ 

X 

rH 

X 

so 

SO 

CN 

in 

p' 

> 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

X 

*3* 

4 

4 

4 

X 

"3* 

^3* 

^3* 

H* 

rr 

*3* 

n 

■^r 

■4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

VO 

X 

vo 

VO 

VO 

vO 

vO 

VO 

X 

X 

VO 

VO 

X 

VO 

vo 

VO 

VO 

VO 

vo 

vo 

so 

X 

so 

so 

SO 

sO 

SO 

so 

so 

SO 

sO 

sO 

o 

o 

o 

O 

o 

o 

o 

O 

o 

o 

o 

O 

O 

O 

O 

o 

o 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

O 

O 

O 

o 

o 

O 

o 

O 

X 

4 

CN 

o 

o 

o 

X 

O 

o 

p 

CN 

in 

X 

o 

X 

X 

VO 

rH 

*3" 

O 

o 

as 

X 

vo 

CN 

VO 

4 

Cs] 

VO 

X 

SO 

X 

CN 

<N 

X 

p 

X 

X 

p 

*3* 

p 

X 

VO 

in 

<JN 

in 

in 

X 

p 

X 

in 

as 

X 

•H 

X 

CN 

CN 

in 

in 

in 

n 

CN 

X 

vo 

X 

P- 

3 

CN 

>i 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

i — 1 

O 

>H 

rH 

o 

o 

o 

rH 

rH 

o 

o 

1 — 1 

rH 

rH 

o 

rH 

u 

X 

X 

X 

X 

X 

X 

X 

VO 

X 

X 

X 

vo 

vo 

X 

VO 

X 

vo 

so 

VO 

VO 

VO 

VO 

VO 

so 

so 

so 

SO 

SO 

vo 

SO 

vo 

VO 

sO 

SO 

VO 

VO 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

O 

o 

o 

o 

O 

o 

o 

O 

o 

o 

O 

o 

o 

o 

3 

>- 

O 

P 

4JX 

X 

o 

o 

X 

in 

OV 

X 

rH 

p 

CN 

a\ 

X 

p 

o 

CN 

rH 

rH 

vO 

O 

r- 

CN 

P- 

CN 

as 

H" 

rH 

*<4 

X 

X 

rH 

X 

O 

SO 

4 

•H 

3 

•H 

E 

X 

X 

p 

o 

p 

X 

X 

X 

p 

X 

X 

4 

rH 

X 

rH 

rH 

as 

(N 

in 

X 

X 

as 

o 

VO 

o 

o 

O 

rH 

X 

SO 

X 

X 

P" 

CN 

O 

as 

iw 

•H 

cn 

\ 

in 

X 

o 

o 

X 

rH 

ov 

4 

X 

X 

in 

*3* 

rH 

uo 

p 

r- 

vo 

X 

CN 

as 

in 

rH 

as 

X 

ov 

»H 

*4 

rH 

CN 

vO 

X 

as 

4 

VO 

so 

•H 

3 

c 

3* 

4 

£ 

3 

p 

p 

X 

p 

p 

X 

X 

X 

X 

4 

p 

X 

p 

p 

H* 

X 

vo 

m 

r- 

vo 

p- 

X 

SO 

vO 

X 

P' 

SO 

X 

in 

P- 

X 

X 

o 

C 

4 

4 

*3* 

4 

4 

4 

4 

4 

*3* 

4 

4 

4 

4 

3 

*3* 

*3* 

■*4 

>3* 

*4 

«4 

^4 

^4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

o 

X 

o 

p- 

sO 

X 

m 

CN 

X 

4 

as 

X 

CN 

m 

as 

X 

X 

in 

as 

m 

in 

o 

CN 

rH 

CN 

X 

• — i 

in 

X 

VO 

o 

O 

X 

w 

1 

3 

03 

P- 

O 

CN 

o 

as 

SO 

o 

p" 

CN 

X 

o 

X 

CN 

4 

X 

CJV 

in 

X 

o 

o 

X 

p 

as 

4 

4 

X 

SO 

X 

4 

Os 

as 

X 

X 

sO 

C/D 

0 

4J 

\ 

X 

as 

o 

in 

o 

so 

X 

Os 

X 

o 

CN 

CN 

X 

X 

X 

O 

X 

X 

so 

X 

X 

o 

SO 

p 

as 

o 

o 

SO 

4 

4 

X 

as 

p 

X 

X 

4 

<3 

rH 

3 

ST 

CN 

m 

as 

m 

CN 

in 

in 

m 

X 

X 

in 

X 

so 

X 

X 

X 

in 

X 

X 

in 

X 

SO 

o 

o 

X 

m 

SO 

X 

X 

m 

o 

X 

4 

sO 

in 

£ 

a 

a 

DB 

• 

rH 

'W' 

o 

o 

X 

X 

o 

rH 

o 

o 

CN 

o 

X 

o 

o 

CN 

X 

X 

o 

CN 

o 

X 

o 

O 

CN 

X 

X 

o 

O 

CN 

o 

X 

X 

CN 

X 

o 

o 

<3 

X 

X 

CN 

CN 

m 

m 

X 

X 

as 

SO 

CN 

o 

X 

X 

VO 

as 

X 

in 

vo 

in 

X 

p 

P 

P 

o 

o 

4 

P 

SO 

rH 

X 

o 

sO 

CN 

X 

o 

4J 

a 

2 

in 

X 

P- 

4 

m 

X 

4 

X 

as 

X 

as 

in 

as 

CN 

X 

sO 

SO 

4 

X 

as 

in 

as 

rH 

X 

p 

p 

m 

X 

X 

as 

in 

p 

X 

in 

X 

CN 

CO 

E 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Q 

3 

a 

X 

o 

o 

X 

X 

CN 

X 

X 

CN 

X 

rH 

o 

X 

VO 

X 

X 

so 

as 

CN 

p* 

o 

X 

X 

4 

X 

X 

X 

m 

as 

CN 

CN 

CN 

p 

P 

o 

4 

m 

• 

w 

X 

X 

o 

SO 

VO 

X 

X 

P- 

n* 

CN 

X 

m 

CN 

4 

X 

X 

CN 

(N 

p 

4 

vo 

X 

X 

p 

so 

vo 

as 

X 

o 

X 

4 

4 

X 

p 

X 

X 

vw 

03 

3 

03 

X 

X 

sO 

sO 

as 

CN 

m 

o 

X 

CN 

X 

X 

4 

o 

X 

X 

4 

GO 

as 

oo 

X 

so 

IT 1 

m 

o 

X 

in 

lH 

o 

4 

P 

in 

X 

4 

p 

o 

VM 

3 

4J 

a 

*H 

u 

0 

-* 

•H 

p* 

sO 

o 

as 

N 

as 

p* 

in 

O 

in 

r* 

4 

o 

X 

X 

CN 

X 

vo 

lT. 

SO 

4 

00 

X 

X 

CN 

4 

Q 

P 

X 

CN 

X 

X 

4 

X 

Q 

04 

z 

' — 

X 

X 

in 

CN 

X 

4 

in 

CN 

in 

<H 

X 

m 

CN 

4 

X 

X 

m 

CN 

X 

m 

CN 

CN 

X 

sO 

CN 

sO 

X 

4 

m 

X 

O 

as 

CN 

O 

Os 

O 

CN 

so 

O 

X 

X 

4 

X 

m 

4 

4 

X 

o 

X 

X 

4 

in 

O 

X 

vO 

P 

P 

in 

• 

p 

X 

as 

CN 

4 

X 

X 

X 

o 

X 

4 

o 

X 

CN 

X 

X 

X 

as 

as 

X 

CN 

X 

CN 

CN 

m 

o 

CN 

P 

in 

4 

X 

X 

in 

X 

P 

av 

a. 

3 

E 

4J 

a 

as 

o 

as 

as 

as 

o 

as 

o 

o 

o 

X 

X 

X 

X 

as 

X 

X 

o 

CO 

as 

O-v 

Os 

OS 

as 

av 

as 

as 

as 

p 

as 

X 

as 

as 

as 

Os 

av 

3 

0 

X 

as 

X 

X 

X 

as 

X 

as 

as 

Os 

as 

as 

as 

as 

X 

as 

as 

as 

CO 

X 

X 

CO 

CO 

CO 

X 

X 

X 

X 

X 

CO 

X 

X 

X 

X 

X 

X 

E- 

2 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

03 

03 

X 

X 

as 

X 

X 

n 

Os 

in 

X 

CN 

P 

4 

O 

in 

4 

X 

in 

P 

P 

P 

X 

as 

p 

X 

X 

o 

X 

X 

CN 

X 

X 

X 

P 

O 

X 

4 

X 

3 

03 

CN 

p 

P 

X 

o 

O 

X 

X 

O 

as 

X 

in 

n 

n 

as 

o 

P 

X 

X 

X 

X 

p 

as 

CN 

4 

4 

as 

as 

X 

X 

X 

X 

X 

o 

O 

o 

3 

-P 

a 

X 

as 

o 

o 

4 

CN 

o 

4 

X 

4 

X 

X 

4 

X 

X 

X 

o 

o 

in 

X 

X 

in 

as 

X 

as 

OV 

as 

4 

o 

X 

in 

P 

CN 

4 

in 

X 

u 

c 

o 

o 

X 

c 

O 

rH 

o 

X 

X 

X 

o 

as 

O 

o 

X 

o 

o 

X 

X 

o 

as 

o 

o 

X 

as 

as 

o 

o 

as 

X 

o 

o 

cn 

O 

X 

X 

a 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

X 

4 

4 

X 

4 

4 

4 

X 

4 

X 

4 

4 

X 

X 

X 

4 

4 

X 

4 

4 

4 

X 

4 

4 

4 

X 

CN 

r-, 

4 

4 

X 

as 

X 

X 

as 

4 

P 

4 

X 

CN 

Os 

X 

X 

X 

p 

CN 

o 

4 

X 

p 

4 

CN 

4 

as 

p 

as 

X 

4 

X 

in 

in 

4-> 

4 

4 

X 

as 

X 

X 

CN 

p 

as 

as 

X 

P 

CN 

X 

X 

CN 

o 

as 

X 

X 

CN 

X 

X 

X 

X 

in 

CN 

as 

as 

X 

X 

p 

P 

jv 

as 

as 

■p 

*4H 

3 

— ■«. 

03 

03 

£ 

03 

X 

as 

as 

p 

P 

X 

as 

X 

o 

X 

in 

in 

X 

X 

rn 

O 

as 

as 

X 

rH 

00 

in 

X 

X 

4 

X 

as 

as 

in 

X 

X 

p 

4 

X 

o 

in 

0) 

P 

•H 

• — - 

CN 

in 

X 

as 

CN 

Os 

as 

in 

X 

X 

X 

X 

X 

X 

X 

X 

in 

X 

X 

CN 

X 

CN 

p 

X 

X 

X 

in 

p 

X 

X 

CN 

X 

X 

CN 

p 

X 

E« 

Q 

Eh 

X 

CN 

X 

X 

iX 

CN 

CN 

CN 

rH 

CN 

CN 

X 

X 

X 

CN 

X 

CN 

CN 

rH 

X 

X 

CN 

CN 

X 

X 

X 

CN 

CN 

X 

o 

X 

in 

p 

X 

p 

in 

CN 

X 

p 

p 

X 

X 

X 

4 

X 

4 

X 

X 

4 

X 

rH 

as 

4 

X 

P 

in 

in 

in 

o 

P 

o 

X 

X 

in 

-P 

p 

X 

p 

n 

in 

o 

in 

X 

X 

as 

X 

X 

X 

X 

X 

o 

X 

in 

o 

o 

as 

CN 

o 

4 

X 

in 

o 

X 

in 

ro 

on 

4 

p 

4 

o 

rH 

-P 

UH 

• 

in 

X 

03 

fU 

CP 

CN 

X 

CN 

CN 

CN 

X 

CN 

CN 

4 

X 

X 

X 

p 

p 

X 

p 

X 

X 

o 

o 

o 

O 

X 

O 

O 

o 

X 

in 

4 

4 

4 

4 

4 

4 

0 

u 

M 

in 

in 

n 

in 

in 

in 

in 

in 

CN 

p 

p 

p 

p 

p 

p 

p 

p 

p 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

in 

Eh 

a 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

rH 

X 

X 

X 

X 

X 

X 

• — i 

X 

X 

i — 1 

rH 

rH 

X 

X 

X 

X 

rH 

1 — I 

X 

— 1 

rH 

— 

X 

CN 

i 

ro 

4 

m 

• 

X 

P 

X 

as 

rH 

CN 

ro 

4 

in 

X 

P 

i 

00 

1 

c 

0 

X 

1 

X 

1 

rH 

X 

i 

rH 

1 

X 

i 

X 

1 

X 

i 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

• 

CN 

1 

CN 

•H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

-P 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

Os 

as 

as 

as 

as 

Os 

as 

as 

03 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

X 

X 

X 

X 

X 

X 

X 

X 

o 

P 

P 

P 

P 

P 

P 

P 

P 

P 

X 

X 

X 

X 

rH 

X 

X 

• — i 

03 

•H 

o 

O 

o 

O 

O 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

0 

vp 

1 

1 

1 

1 

1 

1 

1 

| 

1 

1 

1 

1 

1 

1 

1 

1 

1 

& 

•H 

aa 

CQ 

CO 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CO 

CQ 

CQ 

CQ 

-P 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

i 

4 

4 

4 

4 

1 

4 

i 

4 

4 

| 

4 

| 

c 

0 

1 

4 

1 

4 

1 

4 

1 

4 

1 

4 

1 

4 

1 

4 

1 

4 

i 

4 

ro 

ro 

Cl 

i 

ro 

i 

ro 

X 

ro 

ro 

w 

w 

fa 

fa 

fa 

fa 

fa 

fa 

a 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

M 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

a 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

CQ 

CQ 

CO 

CQ 

CQ 

CQ 

CQ 

CQ 

a 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CO 

CQ 

as 

X 

CN 

ro 

4 

m 

SO 

p 

X 

as 

X 

CN 

1 

X 

1 

4 

| 

in 

l 

sO 

1 

p 

1 

X 

as 

CN 

1 

CN 

CN 

1 

CN 

1 

CN 

CN 

CN 

CN 

CN 

CN 

X 

i 

X 

X 

rH 

X 

X 

fX 

•X 

«x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

as 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

as 

as 

as 

0> 

o> 

ov 

9> 

3V 

0> 

X 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

X 

X 

rH 

X 

X 

■X 

X 

»H 

X 

X 

X 

X 

X 

X 

r-H 

• — 1 

X 

X 

rH 

so 

SO 

sO 

sO 

vQ 

so 

X 

X 

X 

o 

o 

o 

o 

o 

O 

o 

o 

o 

1 

O 

o 

o 

O 

o 

o 

O 

o 

0 

1 

0 

1 

1 

X 

1 

X 

1 

X 

1 

X 

1 

X 

X 

X 

1 

fa 

1 

a 

X 

< 

< 

< 

< 

< 

< 

< 

< 

< 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1 

4 

| 

4 

1 

4 

| 

4 

| 

1 

ro 

1 

ro 

ro 

1 

ro 

1 

X 

1 

X 

X 

X 

on 

X 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(fa 

fa 

fa 

fa 

fa 

a 

fa 

fa 

a 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

a 

fa 

fa 

a 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

X 

X 

X 

X 

X 

a 

X 

X 

a 

X 

X 

X 

X 

X 

X 

X 

X 

- 

X 

45 


Table  3(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  3(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  3(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Differential  pressure  measured  between  the  flange  taps  and  calculated  as  the  square  of  the  average  of  the 
square  roots  of  N data  samples  taken  during  Draft  Time. 


Table  4(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 


Test 

Test 

Run 

Orifice 

Beta 

Identification 

Configuration 

Diameter 

Diameter 

Ratio 

(cm) 

( cm) 

BFE5-2A-060281- [ 9 ] 

1981-A 

10.217 

3.8082 

0.3728 

BFE5-2A-060581- [ 9 ] 

1981-A 

10.217 

3.8082 

0.3728 

BFE5-2A-080481- [ 7 ] 

1981-A 

10.217 

3.8082 

0.3728 

BFE5-2A-080581- [ 7 ] 

1981-A 

10.217 

3.8082 

0.3728 

BFE5-2B-060481- [10] 

1981-A 

10.217 

3.8090 

0.3728 

BFE5-2B-08  0581- [ 9 ] 

1981-A 

10.217 

3.8090 

0.3728 

BFE5-2B-101581- [ 9 ] 

1981-A 

10.217 

3.8090 

0.3728 

BFE6-2A-052181- [ 11 ] 

1981-A 

10.226 

3.8082 

0.3724 

BFE6-2B-052281- [10] 

1981-A 

10.226 

3.8090 

0.3725 

BFE6-2B-052881- [ 8 ] 

1981-A 

10.226 

3.8090 

0.3725 

BFE5-3A-060281- [ 9 ] 

1981-A 

10.217 

5.0775 

0.4970 

BFE5-3B-111281- [ 9 ] 

1981-A 

10.217 

5.0780 

0.4970 

BFE6-3A-051481- [ 10 ] 

1981-A 

10.226 

5.0775 

0.4965 

BFE6-3A-051581- [ 9 ] 

1981-A 

10.226 

5.0775 

0.4965 

BFE6-3A-052781- [ 8 ] 

1981-A 

10.226 

5.0775 

0.4965 

BFE6-3A-022582- [ 9 ] 

1981-A 

10.226 

5.0775 

0.4965 

BFE6-3B-022482- [ 9 ] 

1981-A 

10.226 

5.0780 

0.4966 

BFE5-4A-080681- [ 9 ] 

1981-A 

10.217 

5.7127 

0.5592 

BFE5-4A-101681- [ 10 ] 

1981-A 

10.217 

5.7127 

0.5592 

BFE5-4B-102281- [ 9 ] 

1981-A 

10.217 

5.7137 

0.5593 

BFE6-4A-102882- [ 9 ] 

1981-A 

10.226 

5.7127 

0.5586 

BFE6-4B-022582- [ 9 ] 

1981-A 

10.226 

5.7137 

0.5587 

BFE6-4B-100182- [ 9 ] 

1981-A 

10.226 

5.7137 

0.5587 

BFE5-5A-060381- [ 9 ] 

1981-A 

10.217 

6.6660 

0.6525 

BFE5-5A-060481- [ 10 ] 

1981-A 

10.217 

6.6660 

0.6525 

BFE5-5B-1 02081- [ 9 ] 

1981-A 

10.217 

6.6670 

0.6526 

BFE6-5A-052781- [ 10 ] 

1981-A 

10.226 

6.6660 

0.6519 

BFE6-5A-052981- [ 11 ] 

1981-A 

10.226 

6.6660 

0.6519 

BFE6-5B-022482- [ 9 ] 

1981-A 

10.226 

6.6670 

0.6520 

BFE6-5B-092982- [ 7 ] 

1981-A 

10.226 

6.6670 

0.6520 

BFE5-6A-080681- [ 9 ] 

1981-A 

10.217 

7.6203 

0.7459 

BFE5-6B-102081- [ 8 ] 

1981-A 

10.217 

7.6182 

0.7457 

BFE6-6A-102982- [ 9 ] 

1981-A 

10.226 

7.6203 

0.7452 

BFE6-6B-093082- [ 9 ] 

1981-A 

10.226 

7.6182 

0.7450 

BFE6-6B-100782- [ 9 ] 

1981-A 

10.226 

7.6182 

0.7450 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  316  tests  were  run  on  the 
nominal  4 inch  run  size. 


49 


Table  4(b).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  4(b)  ( cont . ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  4(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  4(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  4(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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) ( cont . ) . Test  Number,  Measured  and  Calculated  Quantities 

Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  4(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  ACJA/API  Orifice  Meter  (SI  Units). 


X X X 

O O O 

(1)  + + + 

O WWW 

•ri  (D  vpslO  (N 

u-4  >h  T3  m x on 

■H  0 X O'  ON  C N 

U X 'T  (N  in 


X X X X X X <D 

o o o o o o o 

+ + + + + + + 

w W W W W W W 

p ao  in  p «h  x m 

in  n io  m ji  h x 

p o cn  oo  o o o 

O P in  rH  CO  P lD 


X X X X X X X 

o o o o o o o 

+ 4-  + + + + + 

w w w w w w w 

O)  con  o co 

m p o m h x cn 

h h rn  n cT\  co  cn 

m x)  h p'  in  h ld 


XXXXXXXX 
oooooooo 
+ + + + + 
WWWWWWWW 
HmXOXmr-HH 
r— iopo’Ou'no'p 
cO'TiDP'traorop- 
cT'inh-cNiH'Tina) 


OOOOOOOO 
+ + + + + + + + 
wwwwwwww 

OfNCDHnmoo) 

oocnrnr-ivxsaor- 

fr)'X(\trP'Oi/'/in 

inoNinpcMxo'p 


o 

rH 

«H 

CN 

CN 

rH 

CN 

rH 

rH 

rH 

rH 

rH 

CN 

CN 

> — 1 

CN 

rH 

i — ( 

rH 

1 — 1 

rH 

CN 

t — i 

rH 

- 

rH 

rH 

rH 

rH 

*H 

CN 

rH 

- 

rH 

p 

X 

CN 

m 

O' 

CN 

in 

p 

in 

CN 

X 

X 

O 

CN 

m 

r- 

ON 

in 

in 

m 

X 

X 

X 

X 

CN 

o 

X 

p- 

X 

o 

CN 

CN 

ON 

ON 

ON 

rH 

O 

CN 

o 

m 

CN 

X 

n 

X 

m 

H” 

ON 

ON 

o 

ON 

p' 

p> 

■o* 

ON 

X 

X 

CN 

in 

O 

> — 1 

in 

X 

o 

CT 

>• 

p 

X 

X 

X 

P 

P 

p 

p 

p-* 

r* 

("- 

r» 

p' 

P- 

P- 

CN 

m 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

m 

m 

m 

m 

m 

CN 

m 

CN 

w 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

P" 

r- 

P' 

p' 

r- 

P* 

p- 

p' 

p- 

p' 

p- 

p~ 

p~ 

P- 

p- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

ON 

•H 

p 

ON 

p 

p 

p 

<H 

X 

rH 

X 

X 

X 

rH 

X 

o 

CN 

n 

X 

in 

ON 

m 

o 

O' 

ON 

rH 

X 

m 

n 

•H 

X 

rH 

fN 

X 

X 

in 

in 

p 

X 

X 

P' 

ON 

X 

CN 

rH 

CN 

ON 

o 

N* 

X 

P- 

X 

H* 

N* 

rH 

X 

O' 

n 

X 

rH 

X 

X 

rH 

O' 

X 

X 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

rH 

rH 

• — 1 

o 

rH 

rH 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

rH 

o 

o 

< — 1 

o 

o 

o 

U 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

1) 

>1- 

o 

P 

jjm 

X 

n 

m 

ON 

X 

CN 

X 

rH 

X 

r- 

X 

*3* 

o 

X 

X 

N1 

p' 

N" 

o 

in 

ON 

ON 

ON 

ON 

in 

O' 

X 

m 

o 

CN 

CN 

ON 

• H 

0) 

*H  6 

p 

in 

X 

in 

in 

X 

CN 

X 

in 

X 

X 

p- 

H 

CN 

O 

r^- 

X 

H* 

X 

p' 

ON 

(N 

X 

m 

o 

X 

X 

in 

r- 

in 

m 

m 

CN 

VM 

03  \ 

CN 

rH 

o 

X 

n 

p 

X 

P- 

CN 

X 

X 

in 

o 

ON 

m 

rH 

rH 

ON 

in 

in 

X 

ON 

ON 

rH 

CN 

X 

CN 

X 

<H 

X 

m 

ON 

•H 

<u 

c cr 

X 

0 J*C 

p 

p 

o' 

n 

X 

m 

X 

X 

X 

r* 

in 

X 

p- 

P^ 

X 

X 

X 

H* 

X 

X 

X 

X 

p~ 

in 

X 

in 

O' 

in 

X 

in 

o 

Q — 

O' 

O' 

o- 

O' 

O' 

O' 

o* 

■O' 

H* 

N* 

H' 

■O1 

H* 

-O' 

O' 

O' 

O' 

OP 

O' 

O' 

O’ 

O' 

O' 

O' 

O' 

O' 

ON 

in 

o 

o 

in 

in 

X 

in 

o 

m 

O 

m 

CN 

in 

CN 

O 

o 

in 

O 

CN 

X 

rH 

O' 

o 

rH 

m 

ON 

CN 

CN 

o 

o 

p 

C/3 

3 

a> 

C/3 

X 

P 

ON 

m 

p 

p 

CN 

ON 

m 

rH 

X 

CN 

X 

in 

rH 

X 

O' 

CN 

rH 

ON 

CN 

rH 

CN 

O' 

in 

m 

cr 

X 

P 

X 

p 

o- 

rH 

C/3 

O 

■P 

\ 

p- 

m 

o 

X 

CN 

o 

m 

O' 

(N 

m 

O' 

P 

rH 

O' 

X 

CN 

X 

X 

X 

CN 

ao 

ON 

CN 

p 

in 

P 

m 

X 

o 

p 

in 

ON 

CN 

<T3 

rH 

03 

O' 

m 

CN 

O' 

ON 

X 

O' 

rH 

CN 

X 

O' 

CN 

O' 

o 

X 

O' 

rH 

X 

rH 

X 

On 

O’ 

p 

X 

X 

rH 

X 

i — i 

X 

ON 

O' 

p 

in 

ON 

X 

w 

CC 

• 

H H (N 


CM 


CM  CN  rH  CN 


(M  H H CM  H 


CN 


CN 


CN  rH  r—t  rH 


tn 

0) 

fO  *-< 

4J  Q.Z 

03  e 

Q 03 
03 


mnjMniocoocMin 

lor^ro^inrnoor'in 


( — iD  fO  O O CO  PI 
in  co  ^ in  m 


Is*  h cn  ^ 

tr  m ^ «cr  n ^ 


co 

O'  O'  m 


ao  p x 
n ^ 


(N  Ol  vO  O H 
O'  m o*  in  O' 


• m 

• cn  — 
u-t  cn  a)  03 
un  0 4->  Q- 
•H  Jh  o ^ 
a Cu  Z — 


ifl  CN  00  ifl  CO 

r-  co  p'  J) 
lO  O)  o co  h o 


m oo 

ao 

O'  o 


CN 

in 


n n co  ao  iO 
m m cn  o'  o 
on  on  o ao  CN 


on  cn 
co  ao 
> — i m 


m c\>  x o p <n 
in  id  h n p»  ^ 
io  m MO  (N  H 


O ON  CN 
n h ic 
in  Mn 


io  n m ouo 
in  h r- 
co  ■y  h mn 


cn  p ON 

ao  p m 

o x 


in  (N  cn  n in  m cn  cn  p in  cn  cn 


CN^CNcninrOCNCN^ 


cN^csmocncNn 


CN  Is  co  ID 

• H CN  ^ 

a 0 — • • • 

S 4J  ^ o o o 

0 0^  ON  O) 

H Z CN  CN  CN 


o*  cm  p o in  o 
ID  ^ CN  CN 


o o o o o o 
on  on  on  on  on  on 
CN  CN  CN  CN  CN  CN 


m a)  cn  id  30  H 
O N1  co  P~  o 


00  ID  Is-  P'  (Ti 

oo  oo  oo  oo  oo  ao 
CN  CN  CN  CN  CN  CN 


CN  OHfOh 

on  io  in  pi  cn 


p o o o o 

00  ON  ON  ON  ON 

CN  - CN  CN  CN  CN 


h in  oo  y?  m co 

cn  in  o'  cn  o on 


rH  O O O O O 

ON  ON  ON  ON  ON  ON 

CN  CN  CN  CN  CN  CN 


in  h cn  cn  cn  in  p* 
p in  oo  o p cn  m 


O rH  <H  H rH  H H 

ON  ON  ON  ON  ON  ON  ON 

CN  CN  CN  CN  CN  CN  CN 


• rH  in  ao  in  on 

0)  ^ • • • • 

c/3  0 (T3  m tr  n id 

0 4J  W O'  m p rH 

u 0 m o x p on 

^ Z - t n cn 


O in  00  00  ON  ON  ON 


X CN  CO  O X 00  O' 

x in  o o in  cn  o* 

on  r-  o o on  o o 

cn  cn  tr  ^ m o o' 


cd  cn  cn  n tr  mm 


m x in  o*  p cn  cn 

in  m x cn  rH  o*  in 

X ON  ON  X O O ON 

m m m m o*  o*  m 


o m x rH  on  o o' 


rH  X ON  rH  rH  X CN 

CN)  CO  CN  H PJ  H n’ 

O ON  X O O O ON 

m m o-  o*  O'  m 


O'MCHOHCN'f 


0*rHXrHONXONX 

inmpmaocNPO' 

O ON  O)  ON  I ON  ON  ON 

o*mmmmmmm 


X 

rH 

m 

p 

O' 

in 

O' 

P 

P 

X 

O 

O' 

o 

m 

O' 

X 

m 

X 

X 

m 

X 

CN 

X 

m 

X 

X 

rH 

rH 

CN 

o 

in 

in 

X 

P 

O' 

X 

rH 

O' 

O' 

in 

rH 

in 

X 

P 

in 

o* 

rH 

o 

p 

in 

CN 

X 

rH 

o 

o 

m 

rH 

X 

rH 

o 

X 

CN 

m 

o 

X 

o 

X 

P 

IH 

0 



in 

in 

X 

X 

C/3 

eg 

£ 

C/3 

o 

p 

X 

O' 

ON 

p 

X 

X 

ON 

rH 

ON 

o 

X 

X 

o 

n 

o 

O' 

ON 

in 

o* 

CN 

m 

ON 

in 

rH 

X 

rH 

p 

0 

u 

•H 

in 

X 

X 

o 

CN 

X 

X 

X 

CN 

CN 

m 

p 

X 

o 

p 

in 

rH 

X 

o 

ON 

p 

o 

rH 

o 

X 

rH 

X 

rH 

ON 

p 

o 

«H 

ON 

E- 

a 

CM 

rH 

rH 

rH 

r-i 

rH 

rH 

rH 

rH 

< — i 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

iH 

1 — 1 

<H 

rH 

X 

X 

m 

X 

O 

X 

o 

ON 

CN 

p 

m 

m 

P 

O' 

m 

rH 

CN 

rH 

in 

CN 

O' 

O' 

ON 

X 

CN 

CN 

«H 

X 

rH 

CN 

CN 

CN 

in 

P 

O' 

O' 

in 

rH 

X 

P 

X 

X 

in 

CN 

rH 

<H 

P 

O' 

rH 

CN 

O' 

in 

in 

m 

X 

m 

«n 

n 

in 

X 

P 

m 

X 

P 

VO 

X 

p 

4J 

C/3 

ra 

ON 

p 

p 

p 

o 

o 

o 

o 

o 

O' 

O' 

O' 

m 

o- 

o- 

in 

m 

m 

m 

m 

m 

m 

m 

m 

m 

in 

in 

in 

in 

in 

in 

in 

in 

0 

u 

o 

o 

o 

O 

rH 

p 

P 

p 

p 

p 

p 

p 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Em 

a 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

rH 

rH 

*H 

rH 

rH 

<H 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

i — i 

rH 

rH 

rH 

■ — 1 

rH 

rH 

rH 

<-H 

r—i 

t-H 

C 

o 

•H 

-P 

CO 

4J  O 
C/3  -H 

0 *H 

Em  -h 
■P 
C 
0) 
73 

I— I 


rH 

CN 

m 

O' 

in 

X 

P 

X 

rH 

CN 

1 

CN 

1 

CN 

i 

CN 

1 

CN 

i 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

O’ 

O' 

o 

O' 

o* 

o* 

O' 

O’ 

O’ 

a^ 

O'* 

CN 

p 

CN 

CN 

CM 

CN 

CM 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CM 

CN 

CN 

CN 

CN 

On 

On 

O 

o 

o 

O 

O 

O 

O 

O 

o 

O 

O 

1 

1 

03 

1 

£0 

1 

CQ 

1 

CQ 

1 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

n 

in 

in 

in 

n 

in 

in 

in 

in 

in 

i 

in 

i 

i 

X 

i 

X 

i 

X 

X 

l 

X 

X 

X 

X 

X 

X 

X 

w 

w 

w 

W 

W 

W 

W 

W 

W 

w 

w 

w 

w 

w 

w 

W 

w 

W 

w 

w 

w 

w 

CG 

CD 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

m 

O' 

in 

■ 

X 

P 

*H 

CN 

| 

m 

1 

o* 

1 

in 

X 

1 

1 

CN 

CN 

i 

CN 

CN 

CN 

rH 

rH 

rH 

i — i 

* — i 

rH 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

ON 

ON 

ON 

ON 

ON 

X 

X 

X 

X 

X 

X 

CN 

CN 

CN 

CN 

CN 

O 

o 

o 

o 

o 

o 

ON 

On 

ON 

ON 

ON 

X 

X 

X 

X 

X 

X 

o 

O 

O 

o 

O 

o 

o 

o 

o 

0 

1 

o 

1 

1 

CQ 

1 

CQ 

CQ 

1 

CQ 

1 

CQ 

< 

< 

< 

< 

< 

< 

in 

in 

in 

in 

in 

X 

X 

X 

X 

1 

X 

1 

X 

1 

i 

X 

1 

X 

X 

1 

X 

i 

X 

in 

in 

n 

in 

in 

in 

W 

w 

W 

W 

H 

W 

w 

W 

W 

w 

W 

W 

w 

w 

w 

fa 

w 

w 

W 

W 

w 

w 

03 

CQ 

03 

CQ 

CQ 

CQ 

CQ 

03 

CQ 

03 

03 

P 

X 

ON 

i 

rH 

CN 

m 

O' 

| 

in 

1 

X 

1 

p 

1 

X 

1 

1 

rH 

rH 

1 

rH 

rH 

— { 

rH 

rH 

—i 

i-H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

o 

p 

o 

o 

Q 

o 

JT 

o 

o 

o 

o 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

vN 

X 

X 

X 

O 

O 

O 

o 

O 

n 

O 

o 

o 

o 

O 

rH 

»H 

rH 

«H 

H 

H 

rH 

1 

< 

1 

< 

1 

< 

1 

CQ 

CQ 

X 

X 

1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 

'f 

X 

X 

1 

1 

in 

1 

n 

I 

in 

in 

in 

in 

in 

in 

n 

in 

in 

W 

W 

W 

w 

W 

w 

w 

w 

W 

w 

W 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

CQ 

CQ 

CQ 

CQ 

X 

2Q 

X 

X 

X 

— 

X 

57 


Table  4(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Differential  pressure  measured  between  the  flange  taps  and  calculated  as  the  square  of  the  average  of  the 
square  roots  of  N data  samples  taken  during  Draft  Time. 


Table  5(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  6 Inch  AGA/API  Orifice  Meter  (SI  Units). 


Test 

Test 

Run 

Orifice 

Beta 

Identification 

Configuration 

Diameter 

(cm) 

Diameter 

(cm) 

Ratio 

BFE7-1A-020382- [ 10 ] 

1982-B 

15.4173 

3.1725 

0.2058 

BFE7-1B-020582- [ 9 ] 

1982-B 

15.4173 

3.1727 

0.2058 

BFE8-1A-012982- [ 8 ] 

1982-B 

15.4160 

3.1725 

0.2058 

BFE8-1B-051282- [12] 

1982-B 

15.4160 

3.1727 

0.2058 

BFE7-2A-020282- [ 9 ] 

1982-B 

15.4173 

5.7147 

0.3707 

BFE7-2A-021182- [ 9 ] 

1982-B 

15.4173 

5.7147 

0.3707 

BFE7-2B-020982- [10] 

1982-B 

15.4173 

5.7150 

0.3707 

BFE7-2B-021082- [ 9 ] 

1982-B 

15.4173 

5.7150 

0.3707 

BFE8-2A-012782- [ 9 ] 

1982-B 

15.4160 

5.7147 

0.3707 

BFE7-3A-020482- [ 9 ] 

1982-B 

15.4173 

7.6208 

0.4943 

BFE7-3A-021182- [ 9 ] 

1982-B 

15.4173 

7.6208 

0.4943 

BFE7-3B-020382- [ 9 ] 

1982-B 

15.4173 

7.6210 

0.4943 

BFE8-3A-051382- [ 12 ] 

1982-B 

15.4160 

7.6208 

0.4943 

BFE8-3B-012782- [ 9 ] 

1982-B 

15.4160 

7.6210 

0.4944 

BFE7-4A-020982- [ 9 ] 

1982-B 

15.4173 

8.8885 

0.5765 

BFE7-4B-020482- [ 9 ] 

1982-B 

15.4173 

8.8882 

0.5765 

BFE8-4A-051382- [12] 

1982-B 

15.4160 

8.8885 

0.5766 

BFE8-4B-012982- [ 9 ] 

1982-B 

15.4160 

8.8882 

0.5766 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  172  tests  were  run  on  the 
nominal  6 inch  run  size. 
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Table  5(b).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  6 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Table  5(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  6 Inch  AGA/API  Orifice  Meter  (SI  Units). 
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Differential  pressure  measured  between  the  flange  taps  and  calculated  as  the  square  of  the  average  of  the 
square  roots  of  N data  samples  taken  during  Draft  Time. 


Table  6(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  2 Inch  AGA/API  Orifice  Meter  (British  Units). 


Test 

Identification 


BFE1-4A-072981- [ 9 ] 
BFE1-4A-050582- [ 9 ] 
BFE1-4B-050682- [ 8 ] 
BFE2-4A-01128  2- [ 5 ] 
BFE2-4A-011 4 8 2 — [ 1 ] 

BFE2-4A-011582- [ 9 ] 
BFE2-4B-011 4 8 2- [ 8 ] 
BFE1-5A-073081- [ 9 ] 
BFE1-5A-050682- [ 9 ] 
BFE1-5B-111881- [ 9 ] 

BFE1-5B-050582- [ 9 ] 
BFE2-5A-011382- [ 9 ] 
BFE2-5B-011382- [ 9 ] 
BFE2-5B-011582- [ 9 ] 
BFE1-6A-072981- [ 8 ] 

BFE1-6A-073181- [ 9 ] 
BFE1-6A-111881- [ 7 ] 
BFE1-6B-073081- [ 9 ] 
BFE1-6B-073181- [ 9 ] 


Test 

Run 

iguration 

Diamete 
( inches 

1981-C 

2.0677 

1981-D 

2.0677 

1981-D 

2.0677 

1981-D 

2.0708 

1981-D 

2.0708 

1981-D 

2.0708 

1981-D 

2.0708 

1981-C 

2.0677 

1981-D 

2.0677 

1981-D 

2.0677 

1981-D 

2.0677 

1981-D 

2.0708 

1981-D 

2.0708 

1981-D 

2.0708 

1981-C 

2.0677 

1981-C 

2.0677 

1981-D 

2.0677 

1981-C 

2.0677 

1981-C 

2.0677 

Orifice 

Beta 

Diameter 

Ratio 

( inches ) 

1.1242 

0.5437 

1.1242 

0.5437 

1.1246 

0.5439 

1.1242 

0.5429 

1.1242 

0.5429 

1.1242 

0.5429 

1.1246 

0.5431 

1.3747 

0.6648 

1.3747 

0.6648 

1.3746 

0.6648 

1.3746 

0.6648 

1.3747 

0.6639 

1.3746 

0.6638 

1.3746 

0.6638 

1.5003 

0.7256 

1.5003 

0.7256 

1.5003 

0.7256 

1.5002 

0.7255 

1.5002 

0.7255 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  154  tests  were  run  on  the 
nominal  2 inch  run  size. 
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Table  6(b).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  2 Inch  AGA/API  Orifice  Meter  (British  Units). 
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BFE2-4A-011482-1  364.75  310.85  589.91  63.29  71.15  133  1.1734  2.9646  0.6127  0.6411  1.2997E+06 


Table  6(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  2 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  6(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  2 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  6(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  2 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Differential  pressure  measured  between  the  flange  taps  and  calculated  as  the  square  of  the  average  of  the 
square  roots  of  N data  samples  taken  during  Draft  Time. 


Table  7(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  3 Inch  AGA/API  Orifice  Meter  (British  Units). 


Test 

Test 

Run 

Orifice 

Beta 

Identification 

Conf iguration 

Diameter 

Diameter 

Ratio 

( inches ) 

( inches ) 

BFE3-2A-011982- [ 8 ] 

1982-A 

3.0679 

1.1250 

0.3667 

BFE3-2B-01218  2- [ 9 ] 

1982-A 

3.0679 

1.1249 

0.3667 

BFE4-2A-070782- [ 6 ] 

1982-A 

3.0678 

1.1250 

0.3667 

BFE4-2B-070782- [ 4 ] 

1982-A 

3.0678 

1.1249 

0.3667 

BFE4-2B-070982- [ 9 ] 

1982-A 

3.0678 

1.1249 

0.3667 

BFE3-3B-012282- [ 9 ] 

1982-A 

3.0679 

1.4997 

0.4888 

BFE4-3A-061981- [ 9 ] 

1981-B 

3.0678 

1.5000 

0.4890 

BFE4-3A-072381- [ 9 ] 

1981-B 

3.0678 

1.5000 

0.4890 

BFE4-3B-061881- [ 9 ] 

1981-B 

3.0678 

1.4997 

0.4889 

BFE4-3B-072281- [ 9 ] 

1981-B 

3.0678 

1.4997 

0.4889 

BFE3-4B-011982- [ 9 ] 

1982-A 

3.0679 

1.7498 

0.5704 

BFE3-4B-012282- [ 9 ] 

1982-A 

3.0679 

1.7498 

0.5704 

BFE4-4A-061981- [ 9 ] 

1981-B 

3.0678 

1.7503 

0.5705 

BFE4-4A-072181- [ 9 ] 

1981-B 

3.0678 

1.7503 

0.5705 

BFE4-4B-070282- [ 9 ] 

1982-A 

3.0678 

1.7498 

0.5704 

BFE3-5A-012082- [ 8 ] 

1982-A 

3.0679 

2.0006 

0.6521 

BFE3-5B-012082- [ 9 ] 

1982-A 

3.0679 

1.9998 

0.6519 

BFE4-5A-070282- [ 9 ] 

1982-A 

3.0678 

2.0006 

0.6521 

BFE4-5B-070882- [ 10 ] 

1982-A 

3.0678 

1.9998 

0.6519 

BFE3-6B-012182- [ 8 ] 

1982-A 

3.0679 

2.2496 

0.7333 

BFE4-6A-061781- [ 9 ] 

1981-B 

3.0678 

2.2492 

0.7332 

BFE4-6A-072281- [ 9 ] 

1981-B 

3.0678 

2.2492 

0.7332 

BFE4-6B-070882- [ 9 ] 

1982-A 

3.0678 

2.2496 

0.7333 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  197  tests  were  run  on  the 
nominal  3 inch  run  size. 
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Table  7(b).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (British  Units). 


<1) 

O 

•H  Q) 

4-1  U T3 

•H  o oz 
U CQ 
O 


>< 


u 


(D  xn 

O U 4J  V 
•H  <D  -H  4H 
H 4J  1/3  \ 
•H  0)  C X 
^2  OH 
O Q — 


C/3 

3 

CL) 

CO 

10 

0 

P 

\ 

CO 

rH 

<0 

X 

£ 

fa 

a 

1 — 1 

W 

a 

rd 

rH 

-P 

a z 

<0 

E 

Q 

f0 

CO 

• 

ro 

o: 

• 

(0 

fM 

4-1 

CO 

V 

X 

4—j 

a/ 

•U 

•H 

p 

o 

c 

Q 

CP 

z 

•H 

(N 

a 

d) 

f; 

E 

+J 

o 

03 

0 

> — • 

Eh 

z 

. 

rH 

10 

(0 

CO 

ai 

•H 

CD 

■p 

(0 

M 

0 

a 

0. 

z 

-P 

4J 

4-1 

0) 

r— . 

CO 

CO 

s 

CO 

<D 

•H 

N— r 

&4 

Q 

Eh 

■P 

•P 

cp 

(0 

rO 

X) 

<D 

U 

rH 

a 

c 

0 

•H 

4-> 

CT3 

P 

a 

CO 

•H 

0) 

4-1 

Eh 

•H 

P 

c 

07 

TJ 

M 

oooooooo 
+ + + + + + + + 
UWWMWWUW 

O^QhvDLDHO^ 

r^cNininr^in^ON 

(N^HMDHHin 

po^oinp^in 


VD  vD  ^ vO 

O O O O O O O 

+ + + + + + + 

PJ  W W W W W W 

H (N  H CO  O CD  O) 

CN  H LD  H rH  O O 

o p ^ ov  cn  ( co 

in  vo  p ro  r— i in  ro 


OO  vO  vO  vO  vO  vO  vO 

O O O O O O O 

+ + + 4-  4-  + + 

w w w w w w w 

p p n*  ov  o o h 

U0  VO  LD  TV  lO  (N  00 

TV  in  O TV  P 00  U0 

o cn  oo  o cn  o vo 


^ vo  vO  <d 

o o o o o o 

+ ■+•  + + + + 

eq  w u w w w 

tv  co  co  ^ rH 

CO  CO  VO  LD  o 00 

O iD  vfi  (J)  in 

oo  ^ in  co  m *3* 


VO  VO  VO  VO  vD  vO  VO 
OOOOOOOO 
+ + + + + + + + 
WUttWUWWW 

(NooNr^cjNr^^n 

cocNaoaoopPrH 

cNinfHoroTvpuo 

VOPCNrHVOCNOCO 


< — 1 

CN 

H 

CN 

i — 1 

rH 

rH 

rH 

rH 

rH 

H 

H 

CN 

H 

H 

CN 

H 

H 

CN 

H 

CN 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

CN 

H 

H 

CN 

H 

00 

CO 

vO 

m 

(Tv 

00 

in 

TV 

CN 

CO 

CO 

CO 

O 

CN 

CN 

O 

H 

00 

O 

O 

CO 

in 

CN 

00 

r* 

H 

vO 

r- 

O 

CO 

CN 

tv 

TV 

00 

00 

p 

av 

p 

av 

o 

in 

av 

00 

r- 

CO 

H 

00 

CN 

in 

vo 

O 

r- 

VO 

O 

in 

r- 

VO 

r- 

r* 

O 

O 

o 

o 

o 

o 

o 

o 

rH 

o 

o 

o 

o 

o 

o 

i — 1 

o 

i — 1 

o 

o 

o 

o 

H 

o 

o 

o 

H 

o 

o 

o 

o 

o 

O 

o 

o 

VO 

VO 

vO 

VO 

VO 

VO 

VO 

VO 

VO 

VO 

vo 

VO 

VO 

VO 

VO 

VO 

VO 

vo 

VO 

vO 

vO 

VO 

VO 

VO 

vo 

VO 

vo 

VO 

vO 

vO 

vO 

vO 

VO 

VO 

VO 

VO 

O 

O 

O 

O 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

O 

o 

o 

o 

O 

o 

O 

o 

o 

o 

O 

o 

o 

o 

o 

ro 

CN 

vO 

00 

ro 

CN 

tv 

H1 

av 

00 

<J\ 

av 

r- 

00 

00 

in 

VO 

in 

CN 

vO 

co 

in 

in 

ao 

o 

CO 

CN 

vo 

H 

H 

in 

00 

vo 

vo 

H* 

(N 

CN 

CN 

<T\ 

CO 

H 

CN 

1 — 1 

m 

CN 

vo 

H 

CN 

<T\ 

H 

H 

o 

av 

o 

CN 

1 — 1 

CN 

CN 

o 

H 

H 

o 

O 

O 

O 

o 

o 

o 

o 

o 

o 

(Tv 

o 

O 

o 

o 

av 

o 

o 

o 

O 

O 

av 

O 

o 

O 

o 

av 

o 

o 

o 

o 

O 

O 

o 

o 

o 

VO 

vO 

VO 

VO 

VO 

VO 

vo 

vO 

VO 

VO 

in 

vo 

VO 

vo 

VO 

uo 

vo 

vO 

vo 

VO 

VO 

in 

VO 

vo 

VO 

VO 

in 

vo 

vO 

VO 

VO 

vO 

VO 

vO 

vo 

vO 

O 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

O 

o 

o 

O 

o 

o 

O 

h 

p 

vO 

m 

tv 

*3* 

*3* 

in 

CO 

vO 

CN 

H* 

r" 

vO 

in 

r-* 

CN 

CO 

in 

CN 

00 

o 

CN 

CN 

o 

av 

CO 

00 

00 

o 

p 

00 

o 

m 

p 

ro 

CN 

o 

VO 

00 

m 

in 

CO 

H 

av 

CT\ 

CO 

(T» 

CN 

rH 

00 

co 

in 

CO 

00 

00 

vo 

VO 

CN 

00 

m 

tv 

vO 

m 

p 

VO 

CO 

CN 

no 

00 

H 

o 

vo 

av 

rH 

00 

CO 

in 

H 

CJV 

in 

<3* 

CO 

vo 

CO 

CO 

CO 

1 — 1 

CN 

CO 

H 

co 

tv 

ON 

tv 

(TV 

av 

tv 

TV 

av 

o 

o 

o 

o 

(TV 

O 

o 

CTv 

av 

o 

av 

O 

<T\ 

O 

(Tv 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

<N 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

co 

CO 

CO 

CO 

CN 

co 

CO 

CN 

CN 

CO 

CN 

CO 

CN 

co 

CN 

co 

CO 

CO 

ro 

co 

co 

CO 

co 

CO 

CO 

CO 

co 

CO 

VO 

O 

ao 

CN 

00 

VO 

in 

CO 

P- 

< — 1 

P- 

P* 

"3° 

P- 

in 

O 

P- 

Tv 

00 

O 

ao 

H 

VO 

ao 

O 

CO 

CN 

CN 

Tv 

P 

O 

P 

00 

VO 

CN 

in 

H 

GO 

H 

CO 

O 

CO 

CO 

CO 

(Tv 

H* 

co 

H 

H 

CN 

o 

CO 

in 

VO 

00 

H 

in 

in 

O 

vO 

rH 

CN 

uo 

VO 

CN 

VO 

vO 

CO 

VO 

vo 

ao 

r* 

H 

in 

o 

H 

O' i 

in 

O 

H 

00 

co 

CN 

ao 

'tr 

vo 

(Tv 

CN 

o 

O 

P 

in 

H 

VO 

p 

Tv 

T 

VO 

vo 

VO 

rH 

in 

00 

CN 

00 

in 

CO 

co 

in 

CN 

<T 

CN 

00 

H 

VO 

ao 

H 

00 

vo 

CO 

VO 

CN 

co 

in 

O 

ao 

H 

00 

CN 

rH 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

• — 1 

co 

in 

CN 

ro 

P 

ao 

CO 

CO 

VO 

i — 1 

P 

CO 

H 

P 

CO 

ON 

O 

CTv 

CO 

O 

P 

o 

ao 

H 

P 

in 

i — 1 

H 

vp 

o 

O 

O 

CO 

H 

Tv 

i — 1 

Tv 

CO 

CTv 

CN 

O 

CN 

H 

H 

O 

O 

CN 

00 

H 

CN 

ao 

co 

00 

VO 

H 

P 

00 

ao 

T 

Tv 

P 

o 

O 

Tv 

00 

CN 

P 

Tv 

H 

P 

O 

H 

1 — 1 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

O 

H 

in 

P 

in 

P 

CTv 

CN 

P 

VP 

00 

CN 

P 

O 

H 

Tv 

in 

TV 

00 

H 

in 

CO 

uo 

vo 

CO 

O 

Tv 

P 

TV 

O O 

co 

CO 

P 

TV 

vO 

O 

P 

CN 

00 

VO 

CO 

vo 

CO 

Tv 

P 

H 

CN 

Tv 

P 

in 

in 

O 

ao 

CN 

GO 

co 

ao 

H 

in 

00 

P 

VO 

CN 

TV 

00 

P 

CN 

CO 

co 

ao 

VO 

TV 

co 

P 

VO 

vo 

CN 

P 

in 

H 

00 

Tv 

co 

O 

vo 

o 

O’ 

Tv 

ao 

P 

in 

o 

TV 

p 

H 

o 

VO 

vO 

CN 

co 

Tv 

TV 

o 

H 

ro 

Tv 

H 

Tv 

CN 

CO 

00 

o 

H 

ao 

o 

P 

CTv 

P 

o 

CN 

n 

Tv 

o 

in 

co 

TV 

CN 

CO 

vo 

o 

CN 

P 

TV 

00 

H 

H 

CN 

H 

H 

H 

H 

H 

CN 

H 

CN 

H 

H 

CN 

H 

H 

H 

H 

H 

H 

CN 

H 

H 

o 

H 

TV 

"3* 

rp 

CN 

H 

o 

00 

CN 

TV 

p 

co 

p 

00 

in 

in 

00 

O 

vo 

p 

CN 

vo 

ao 

ao 

uo 

p 

O 

TV 

P 

vO 

TV 

ro 

CO 

H 

CN 

H 

TV 

TV 

CO 

CO 

in 

in 

o 

o 

p 

n 

H 

ro 

TV 

H 

00 

00 

CO 

CN 

ao 

co 

p 

CO 

H 

P 

H 

O 

■ — i 

TV 

O 

N* 

CO 

in 

uo 

in 

in 

in 

uo 

in 

00 

TV 

TV 

TV 

TV 

Tv 

ao 

TV 

00 

TV 

T* 

o 

TV 

00 

TV 

TV 

TV 

TV 

TV 

00 

TV 

TV 

P 

TV 

VO 

VO 

VO 

VO 

vo 

vo 

vo 

vo 

in 

in 

in 

UO 

in 

UO 

in 

in 

uo 

UO 

uo 

in 

uo 

UO 

UO 

vO 

in 

uo 

UO 

UO 

UO 

UO 

UO 

UO 

UO 

UO 

UO 

UO 

UO 

N* 

CN 

N* 

P 

O 

O 

CN 

00 

uo 

CO 

CN 

00 

o 

o 

in 

TV 

vo 

*3* 

CO 

00 

TV 

O 

TV 

o 

CO 

ao 

CN 

N* 

H 

o 

CO 

CO 

TV 

p 

H 

UO 

UO 

r — 1 

UO 

o 

CN 

co 

in 

p 

O 

O 

ro 

o 

VO 

CO 

CN 

H* 

TV 

CO 

P 

P 

P 

CN 

p 

00 

CO 

H 

o 

TV 

00 

o 

Tv 

TV 

p 

P 

CN 

H 

■vp 

CN 

o 

co 

H 

N* 

ao 

H 

CN 

vo 

CN 

uo 

Tv 

00 

CN 

o 

N* 

O 

00 

N* 

H 

ao 

00 

O 

VO 

ao 

CO 

p 

Tv 

00 

TV 

00 

TV 

TV 

TV 

TV 

o 

TV 

TV 

TV 

00 

TV 

TV 

00 

TV 

TV 

00 

TV 

ao 

TV 

TV 

O 

o 

TV 

o 

O 

TV 

TV 

O 

TV 

TV 

TV 

TV 

TV 

UO 

UO 

UO 

uo 

UO 

UO 

UO 

in 

VO 

uo 

UO 

UO 

uo 

in 

UO 

uo 

uo 

uo 

UO 

UO 

uo 

UO 

UO 

vO 

VO 

UO 

VO 

VO 

in 

uo 

VO 

UO 

UO 

uo 

uo 

UO 

uo 

N’ 

TV 

co 

CN 

VO 

UO 

TV 

i — 1 

P 

00 

O 

H 

H 

TV 

TV 

CO 

CO 

CN 

UO 

P 

CO 

o 

CO 

O 

TV 

H 

TV 

P 

vo 

TV 

00 

00 

*3* 

in 

co 

UO 

o 

CO 

TV 

O 

H 

TV 

UO 

CN 

UO 

CO 

TV 

00 

H 

P 

00 

00 

TV 

CO 

CO 

p 

i — 1 

H 

O 

TV 

o 

ao 

CO 

TV 

TV 

CO 

00 

ao 

vo 

UO 

uo 

vo 

O 

o 

VO 

N' 

vO 

VO 

VO 

CO 

O 

UO 

UO 

CO 

vo 

■O' 

00 

TV 

00 

o 

H 

H 

UO 

P 

ao 

o 

*3* 

TV 

P 

CN 

CN 

H 

uo 

rH 

H 

1 — 1 

CO 

UO 

o 

P 

P 

N* 

CO 

Tv 

Tv 

VO 

TV 

TV 

CN 

CN 

Tv 

CN 

TV 

•'3* 

CN 

00 

VO 

CN 

TV 

ao 

in 

■<r 

TV 

UO 

CN 

o 

H 

CN 

CN 

co 

(N 

CN 

CN 

CO 

CN 

CN 

CN 

CN 

CN 

H 

CN 

CN 

H 

CO 

CN 

H 

CO 

H 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CO 

H 

CN 

CO 

CN 

co 

CN 

P 

vo 

o 

vo 

VO 

00 

o 

TV 

TV 

CO 

00 

co 

VO 

CO 

■*3* 

CN 

P 

co 

o 

H 

H 

in 

i — ! 

N* 

P 

CO 

P 

VO 

CO 

TV 

CN 

CN 

Kj* 

in 

O 

uo 

CN 

o 

o 

TV 

CN 

CO 

CO 

CN 

ro 

TV 

CO 

UO 

CO 

TV 

VO 

CN 

• — 1 

in 

00 

00 

CO 

CO 

00 

P 

H 

00 

*3* 

1 — 1 

CN 

CN 

CN 

00 

H 

p 

■^3* 

CO 

O’ 

o* 

TV 

O 

o 

TV 

00 

ao 

00 

00 

P 

P 

VO 

P 

H 

H 

CN 

H 

rH 

H 

vo 

in 

O 

TV 

p 

ao 

00 

00 

P 

00 

VO 

00 

00 

O 

o 

o 

o 

o 

00 

TV 

TV 

VO 

VO 

vo 

VO 

VO 

vo 

VO 

VO 

VO 

P 

P 

P 

P 

P 

P 

vo 

vo 

P 

VO 

p 

p 

p 

p 

P 

P 

p 

P 

p 

*3* 

o* 

O’ 

H1 

CO 

CO 

CO 

co 

CO 

ro 

co 

co 

co 

co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

CO 

co 

H 

CN 

CO 

-3* 

UO 

VO 

P 

00 

I — 1 

CN 

co 

in 

VO 

p 

00 

TV 

H 

CN 

CO 

in 

VO 

H 

CN 

CO 

*3* 

CN 

co 

•<3* 

in 

VO 

p 

00 

TV 

o 

H 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CO 

00 

00 

ao 

00 

00 

00 

00 

00 

00 

00 

00 

ao 

00 

00 

00 

CO 

00 

ao 

00 

00 

ao 

ao 

00 

ao 

00 

ao 

00 

00 

00 

00 

CO 

ao 

ao 

CO 

00 

TV 

TV 

TV 

TV 

TV 

TV 

TV 

TV 

H 

H 

1 — 1 

H 

H 

H 

iH 

rH 

H 

p 

p 

p 

P 

p 

p 

P 

p 

p 

p 

TV 

TV 

TV 

TV 

TV 

TV 

TV 

TV 

TV 

H 

H 

H 

H 

H 

H 

H 

rH 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

O 

O 

O 

o 

o 

O 

o 

i — ( 

H 

i — 1 

H 

H 

H 

H 

H 

H 

i — ) 

H 

H 

H 

H 

H 

H 

H 

p 

p 

p 

p 

p 

p 

P 

p 

p 

p 

P 

p 

P 

P 

P 

p 

p 

P 

p 

O 

O 

o 

O 

O 

O 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

< 

< 

< 

< 

< 

< 

< 

< 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

< 

< 

< 

< 

< 

< 

CQ 

CQ 

CQ 

CQ 

(Q 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CO 

CO 

CO 

CO 

CO 

CO 

co 

co 

CO 

CO 

CO 

CO 

CO 

CO 

ro 

CO 

CO 

■o* 

O' 

O’ 

■^ 

*3* 

■^r 

N* 

■*3* 

-3* 

'S* 

^3* 

*3* 

"3* 

■^3* 

w 

« 

w 

w 

w 

w 

w 

w 

w 

w 

w 

fa 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

w 

cq 

w 

w 

w 

w 

h 

u 

cq 

w 

w 

w 

w 

w 

Ch 

Ch 

h 

Ch 

fa 

Ch 

fa 

!h 

(h 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

fa 

(h 

fa 

fa 

Eh 

fa 

fa 

fa 

fa 

Eh 

fa 

Eh 

fa 

t, 

fa 

fa 

fa 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

CQ 

72 


(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  7(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  7(b)  (cont.).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  7(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  7(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  3 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Differential  pressure  measured  between  the  flange  taps  and  calculated  as  the  square  of  the  average  of  the 
square  roots  of  N data  samples  taken  during  Draft  Time. 


Table  8(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  4 Inch  AGA/API  Orifice  Meter  (British  Units). 


Test 

Test 

Run 

Orifice 

Beta 

Identification 

Configuration 

Diameter 
( inches  ) 

Diameter 
( inches ) 

Ratio 

BFE5-2A-0  6 0281- [ 9 ] 

1981-A 

4 .0223 

1.4993 

0.3728 

BFE5-2A-06  0581- [ 9 ] 

1981-A 

4.0223 

1.4993 

0.3728 

BFE5-2A-08  0 481- [ 7 ] 

1981-A 

4.0223 

1.4993 

0 . 3728 

BFE5-2A-08  0581- [ 7 ] 

1981-A 

4.0223 

1.4993 

0.3728 

BFE5-2B-060481- [ 10  ] 

1981-A 

4.0223 

1.4996 

0.3728 

BFE5-2B-08  0581- [ 9 ] 

1981-A 

4.0223 

1.4996 

0.3728 

BFE5-2B-101581- [ 9 ] 

1981-A 

4.0223 

1.4996 

0.3728 

BFE6-2A-052181- [ 11  ] 

1981-A 

4.0260 

1.4993 

0.3724 

BFE6-2B-052281- [ 10  ] 

1981-A 

4.0260 

1.4996 

0.3725 

BFE6-2B-05  2881- [ 8 ] 

1981-A 

4.0260 

1.4996 

0.3725 

BFE5-3A-060281- [ 9 ] 

1981-A 

4.0223 

1.9990 

0.4970 

BFE5-3B-1 11281- [ 9 ] 

1981-A 

4.0223 

1.9992 

0.4970 

BFE6-3A-0514  81- [ 10  ] 

1981-A 

4.0260 

1.9990 

0.4965 

BFE6-3A-051581- [ 9 ] 

1981-A 

4.0260 

1.9990 

0.4965 

BFE6-3A-052781- [ 8 ] 

1981-A 

4.0260 

1.9990 

0.4965 

BFE6-3A-022582- [ 9 ] 

1981-A 

4.0260 

1.9990 

0.4965 

BFE6-3B-022482- [ 9 ] 

1981-A 

4.0260 

1.9992 

0.4966 

BFE5-4A-0  80681- [ 9 ] 

1981-A 

4.0223 

2.2491 

0.5592 

BFE5-4A-101681- [ 10  ] 

1981-A 

4.0223 

2.2491 

0.5592 

BFE5-4B-102  281- [ 9 ] 

1981-A 

4.0223 

2.2495 

0.5593 

BFE6-4A-102882- [ 9 ] 

1981-A 

4.0260 

2.2491 

0.5586 

BFE6-4B-022582- [ 9 ] 

1981-A 

4.0260 

2.2495 

0.5587 

BFE6-4B-100182- [ 9 ] 

1981-A 

4.0260 

2.2495 

0.5587 

BFE5-5A-060381- [ 9 ] 

1981-A 

4.0223 

2.6244 

0.6525 

BFE5-5A-0604  81- [ 10  ] 

1981-A 

4.0223 

2.6244 

0.6525 

BFE5-5B-102081- [ 9 ] 

1981-A 

4.0223 

2.6248 

0.6526 

BFE6-5A-05  27  81- [ 10  ] 

1981-A 

4.0260 

2.6244 

0.6519 

BFE6-5A-052981- [ 11  ] 

1981-A 

4 .0260 

2.6244 

0.6519 

BFE6-5B-022482- [ 9 ] 

1981-A 

4.0260 

2.6248 

0.6520 

BFE6-5B-0  9 298  2- [ 7 ] 

1981-A 

4.0260 

2.6248 

0.6520 

BFE5-6A-080681- [ 9 ] 

1981-A 

4.0223 

3.0001 

0.7459 

BFE5-6B-102081- [ 8 ] 

1981-A 

4.0223 

2.9993 

0.7457 

BFE6-6A-102982- [ 9 ] 

1981-A 

4.0260 

3.0001 

0.7452 

BFE6-6B-093082- [ 9 ] 

1981-A 

4.0260 

2.9993 

0.7450 

BFE6-6B-10  07  8 2- [ 9 ] 

1981-A 

4.0260 

2.9993 

0.7450 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  316  tests  were  run  on  the 
nominal  4 inch  run  size. 
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Table  8(b).  Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  8(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  8(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  8(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  8(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  8(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  4 Inch  AGA/API  Orifice  Meter  (British  Units). 
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roots  of  N data  samples  taken  during  Draft 


Table  9(a).  Test  Meter  Identification  and  Physical  Measurements 
Nominal  6 Inch  AGA/API  Orifice  Meter  (British  Units). 


Test 

Test 

Run 

Orifice 

Beta 

Identification 

Configuration 

Diameter 
( inches ) 

Diameter 
( inches ) 

Ratio 

BFE7-1A-020382- [ 10 ] 

1982-B 

6.0698 

1.2490 

0.2058 

BFE7-1B-020582- [ 9 ] 

1982-B 

6.0698 

1.2491 

0.2058 

BFE8-1A-012982- [ 8 ] 

1982-B 

6.0693 

1.2490 

0.2058 

BFE8-1B-051282- [ 12 ] 

1982-B 

6.0693 

1.2491 

0.2058 

BFE7-2A-020282- [ 9 ] 

1982-B 

6.0698 

2.2499 

0.3707 

BFE7-2A-021182- [ 9 ] 

1982-B 

6.0698 

2.2499 

0.3707 

BFE7-2B-020982- [10] 

1982-B 

6.0698 

2.2500 

0.3707 

BFE7-2B-0210  8 2-  [ 9 ] 

1982-B 

6.0698 

2.2500 

0.3707 

BFE8-2A-012782- [ 9 ] 

1982-B 

6.0693 

2.2499 

0.3707 

BFE7-3A-02048  2-  [ 9 ] 

1982-B 

6.0698 

3.0003 

0.4943 

BFE7-3A-021182- [ 9 ] 

1982-B 

6.0698 

3.0003 

0.4943 

BFE7-3B-020382- [ 9 ] 

1982-B 

6.0698 

3.0004 

0.4943 

BFE8-3A-051382- [ 12 ] 

1982-B 

6.0693 

3.0003 

0.4943 

BFE8-3B-012782- [ 9 ] 

1982-B 

6.0693 

3.0004 

0.4944 

BFE7-4A-020982- [ 9 ] 

1982-B 

6.0698 

3.4994 

0.5765 

BFE7-4B-020482- [ 9 ] 

1982-B 

6.0698 

3.4993 

0.5765 

BFE8-4A-051382- [ 12 ] 

1982-B 

6.0693 

3.4994 

0.5766 

BFE8-4B-012982- [ 9 ] 

1982-B 

6.0693 

3.4993 

0.5766 

Note:  Test  Identification  bracket  gives  number  of  tests  run 

with  this  geometry.  A total  of  172  tests  were  run  on  the 
nominal  6 inch  run  size. 
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Table  9(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  6 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  9(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  6 Inch  AGA/API  Orifice  Meter  (British  Units). 
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Table  9(b)  (cont. ) . Test  Number,  Measured  and  Calculated  Quantities 
Nominal  6 Inch  ACA/API  Orifice  Meter  (British  Units). 
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APPENDIX  I. 


Measurements  of  Orifice  Meter  Runs 

The  orifice  meter  runs  were  measured  at  NBS-Boulder,  Colorado.  The  lengths 
were  measured  with  a commercial  steel  tape.  The  inside  diameters  were  measured 
with  inside  micrometers.  Location  of  orifice  taps  and  dowel  pins  were 
determined  by  inserting  precision  ground  rods  in  the  holes  and  measuring  the 
distance  from  the  rods  to  the  flange  face  or  flange  hole  with  micrometers.  The 
dowel  pin  location  listed  is  the  radius  from  the  flange  center  line  to  the 
center  line  of  the  dowel  hole.  The  radius  used  for  the  flange  hole  was  the 
average  of  the  four  radii  measured  at  the  flange  tap  as  shown  in  columns  C and 
D on  the  following  charts. 

The  surface  finish  listed  for  the  upstream  tube  is,  first,  the  finish 
alongside  the  flange  tape  hole  and,  second,  the  finish  upstream  from  the  flange 
face  as  far  as  the  instrument  would  reach,  about  12  cm. 

The  orifice  meters  are  identified  with  an  impression  stamp  either  on  the 
flanges  or  on  the  pipe.  Identification  of  the  meter  runs  included  the  two 
leading  letters  FE  followed  by  a number  which  identifies  the  meter  assembly. 

The  number  is  followed  by  a letter  which  identifies  the  meter  section.  The 
letter  A is  used  for  the  approach  section;  B is  used  for  the  upstream  section 
and  C is  used  for  the  downstream  section.  The  number  identification  for  size 
uses  1 and  2 for  the  two  inch  nominal  meter,  3 and  4 for  the  three  inch  meter, 

5 and  6 for  the  four  inch  meter  and  7 and  8 for  the  six  inch  meter.  An  example 
of  the  identification  would  be  FE6-A,  which  is  for  a four  inch  approach 
section. 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.) 


Upstream  Tube 

Downstream  Tube 

A 

B 

c 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

5.250 

2.067 

5.2481 

2.0662 

5.2532 

2.0682 

5.2446 

2.0648 

5.2413 

2.0635 

LV 

5.250 

2.067 

5.2532 

2.0682 

5.2515 

2.0675 

5.2489 

2.0665 

5.2421 

2.0638 

RV 

5.248 

2.067 

5.2471 

2.0658 

5.2497 

2.0668 

5.2514 

2.0675 

5.2405 

2.0632 

H 

5.250 

2.067 

5.2489 

2.0665 

5,2532 

2.0682 

5.2551 

2.0650 

5.2456 

2.0652 

Avg. 

5.249 

2.067 

5.2493 

2.0667 

5.2519 

2.0677 

5.2475 

2.0660 

5.2424 

2.0639 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 
Pin  *1 
Pin  *2 


Tap  Diameter  cm  (in  ) 

Top 

Bottom 

Surface  Finish  pm  (ptin) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


7, 

.0 

(275) 

7. 

.5 

(295) 

177. 

.00 

(69. 

68) 

45. 

.24 

(17. 

81) 

106. 

.52 

(41. 

93) 

Upstream 

2.564(1.010) 

Downstream 

2.550  (1.004) 

3.905  (2.325) 

5.878  (2.314) 

3.887  (2.318) 

5.878  (2.314) 

3.960  (0.378) 

0.960  10.3783 

3.963  (0.379) 

0.960  (0.378) 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.) 2 inch 


Upstream  Tube 

Downstream  Tube 

A 

B 

c 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

5.753 

2.068 

5.2608 

2.0712 

5.2583 

2.0702 

5.2456 

2.0652 

5.2413 

2.0635 

LV 

5.248 

2.066 

5.2497 

2.0668 

5.2608 

2.0712 

5.2476 

2.0660 

5.2431 

2.0642 

RV 

5.248 

2.066 

5.2608 

2.0712 

5.2624 

2.0718 

5.2431 

2.0642 

5.2446 

2.0648 

H 

5.250 

2.067 

5.2565 

2.0695 

5.2578 

2.0700 

5.2426 

2.0640 

5.2438 

2.0645 

Avg. 

5.250 

2.067 

5.2570 

2.0697 

5.2598 

2.0708 

5.2447 

2.0649 

5.2432 

2.0643 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 
Pin 

Pin  #2 


Tap  Diameter  cm  (in  ) 
Top 

Bottom 


Surface  Finish  /im  (fiin) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


2, 

.5 

(98) 

4 

.5 

(177) 

177. 

.16 

(69. 

.75) 

45. 

.56 

(17. 

93) 

106. 

52 

(41. 

93) 

Upstream 

2.565-2.569 


Downstream 

2.549-2 , 555 


(1.010-1.012) 


5.901  (2.323) 


(1.004  -1.006) 


5.899  (2.322) 


5.909  (2.326) 


5.889  (2.318') 


0.960  (0.378) 


0.960  (0.378) 


0.963  (0.379) 


0.958  (0.377) 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.)  3 i--c-_ 


Upstream  Tube 

Downstream  Tube 

A 

B 

c 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

7.798 

3.070 

7.7927 

3.0680 

7.7914 

3.0675 

7.7983 

3.0702 

7.8041 

3.0725 

LV 

7.803 

3.072 

7.7935 

3.0683 

7.7953 

3.0690 

7.7978 

3.0700 

7.8003 

3.0710 

RV 

7.785 

3.065 

7.7927 

3.0680 

7.7922 

3.0678 

7.8026 

3.0719 

7.8008 

3.0712 

H 

7.803 

3.072 

7.7826 

3.0640 

7.7915 

3.0675 

7.8000 

3.0710 

7.7914 

3.0675 

Avg. 

7.797 

3.070 

7.7904 

3.0671 

7.7926 

3.0679 

7.7991 

3.0708 

7.7992 

3.0706 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 
Pin  *1 
Pin  *2 


2.0  (78) 
4.0(157  ) 

265.91(104.68) 
68.42  (26.93) 

137.00  (53.93) 


Tap  Diameter  cm  (in  ) 

Top 

Bottom 

Surface  Finish  ^.m  (^.in) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


Upstream 

2.536-2.539 

Downstream 

2.558  (1.007) 

(0.999-1.000) 

7.770(3.059) 

7.794(3.068) 

7.770(3.059) 

7.794(3.068) 

0.965(0.380) 

0.965(0.380) 

0.963(0.379) 

0.963(0.379) 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.)  3 inch 


View  In  Direction  Of  Flow 


Upstream  Tube 

Downstream  Tube 

A 

3 

C 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

7.805 

3.073 

7.7914 

3.0675 

7.7958 

3.0692 

7.7998 

3.0708 

7.7907 

3.0672 

LV 

7.818 

3.078 

7.7838 

3.0645 

7.7876 

3.0660 

7.7978 

3.0700 

7.7864 

3.0655 

RV 

7.762 

3.056 

7.7864 

3.0655 

7.7948 

3.0688 

7.8003 

3.0710 

7.7958 

3.0692 

H 

7.821 

3.079 

7.7914 

3.0675 

7.7902 

3.0670 

7.7983 

3.0702 

7.7889 

3.0665 

Avg. 

7.802 

3.072 

7.7083 

3.0663 

7.7921 

3.0678 

7.7991 

3.0705 

7.7905 

3.0671 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 
Pin  *1 
Pin  *2 


Tap  Diameter  cm  (in  ) 
Top 

Bottom 


Surface  Finish  ^.m  (/Ain) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


9.0  ( 354) 
7.75(305  ) 

266.07(104.75) 
68.74  <271355 

137.16  (54.00) 


Upstream 

2.553-2.560 

Downstream 

2.547  (1.003) 

(1.005-1.008) 

7.787(3.066) 

7.798(3.070) 

7.782(3.064) 

7.793(3.068) 

0.963(0.379) 

0.960(0.378) 

P.  95  9 (Q.. 17.2.1) 

0.96810.381 ) 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.) 4 lnch 


View  In  Direction  Of  Flow 


Upstream  Tube 

Downstream  Tube 

A 

B 

c 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

— 

— 

10.2273 

4.0265 

10.2222 

4.0245 

10.2222 

4.0245 

10.2062 

4.0182 

LV 

— 

— 

10.2171 

4.0225 

10.2108 

4.0200 

10.2205 

4.0238 

10.2095 

4.0195 

RV 

— 

— 

10.2222 

4.0245 

10.2113 

4.0202 

10.2171 

4.0225 

10.2215 

4.0242 

H 

— 

— 

10.2210 

4.0240 

10.2222 

4.0245 

10.2184 

4.0230 

10.2095 

4.0195 

Avg. 

10.216 

4.022 

10.2219 

4.0244 

10.2166 

4.0223 

10.2196 

4.0235 

10.2117 

4.0204 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 

Pin  #1 
Pin  *2 

Tap  Diameter  cm  (in  ) 

Top 

Bottom 

Surface  Finish  /xm  (/xin) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


Upstream 

.548-2.555 

Downstream 

2.553  (1.005) 

.003-1.006) 

2.5-5 

.0  (98-197) 

355.12 

(139.81) 

91.44 

(36.00) 

167.48 

(65.93) 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.)  4 inch 


View  In  Direction  Of  Flow 


Upstream  Tube 

Downstream  Tube 

A 

B 

c 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

10.236 

4.030 

10.2265 

4.0262 

10.2349 

4.0295 

10.2248 

4.0255 

10.2184 

4.0230 

LV 

10.229 

4.027 

10.2331 

4.0288 

10.2222 

4.0245 

10.2235 

4.0250 

10.2095 

4.0195 

RV 

10.234 

4.029 

10.2248 

4.0255 

10.2204 

4.0238 

10.2306 

4.0278 

10.2342 

4.0292 

H 

10.234 

4.027 

10.2306 

4.0278 

10.2265 

4.0262 

‘,0.2215 

4.0242 

10.2159 

4.0220 

Avg. 

10.233 

4.028 

10.2288 

4.0271 

10.2260 

4.0260 

10.2222 

4.0256 

10.2195 

4.0234 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 
Pin  *1 
Pin  *2 


Tap  Diameter  cm  (in  ) 

Top 

Bottom 

Surface  Finish  ^im  (/xin) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


2 

.5-4 

.5  (98-177) 

3. 

.0-8 

.0  (118-315) 

355. 

.28 

(139.8) 

91. 

.12 

(35.87) 

167. 

.48 

(65.93) 

Upstream 

2.553-2.560 

Downstream 

2.550-2.555 

(1.005-1.008) 

(1.004-1.006) 

9.505  (3.742) 

9.517  (3.747) 

9.492  (3.737) 

9.568  (3.767) 

1.273  (.501) 

1.295  (.510) 

1.271  (.502) 

1.290  (.508) 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.)  6 


View  In  Direction  Of  Flow 


Upstream  Tube 

Downstream  Tube 

A 

B 

c 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

— 

— 

15.4224 

6.0718 

15.4165 

6.0695 

15.4148 

6.0688 

15.4285 

6.0742 

LV 

— 

— 

15.4249 

6.0728 

15.4178 

6.0700 

15.4155 

6.0691 

15.4432 

6.0800 

RV 

— 

— 

15.4178 

6.0700 

15.4178 

6.0700 

15.4140 

6.0685 

15.4292 

6.0745 

H 

— 

— 

15.4229 

6.0720 

15.4173 

6.0698 

15.4153 

6.0690 

15.4407 

6.0790 

Avg. 

15.A33 

6.076 

15.4220 

6.0717 

15.4174 

6.0698 

15.4149 

6.0689 

15.4354 

6.0769 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 
Pin 

Pin  *2 


Tap  Diameter  cm  (in  ) 
Top 

Bottom 


Surface  Finish  /im  (fj. in) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


1.85  (72) 

4.5  (177) 

531.34  (209.18) 
137.16  (54.0) 

228.44  (89.93) 


Upstream 

2.535  (0.998) 

Downstream 

2.549-2.558 

(1.004-1.007) 

13.016  (5.124) 

13.019  (5.126) 

13.010  (5.121) 

13.021  (5.127) 

1.280  (0.504) 

1.283  (0.505) 

1.273  (0.501) 

1.280  (0.504) 
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ORIFICE  METER  TUBE  MEASUREMENTS 


Meter  Size  (nom.)  6 lnch 


Upstream  Tube 

Downstream  Tube 

A 

B 

c 

D 

E 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

cm 

in 

V 

15.471 

6.091 

15.4325 

6.0758 

15.4153 

6.0690 

15.4107 

6.0672 

15.4165 

6.0695 

LV 

15.474 

6.092 

15.4224 

6.0718 

15.4165 

6.0695 

15.4081 

6.0662 

15.4457 

6.0810 

RV 

15.469 

6.090 

15.4259 

6.0732 

15.4148 

6.0688 

15.4076 

6.0660 

15.4254 

6.0730 

H 

15.474 

6.092 

15.4234 

6.0722 

15.4173 

6.0698 

15.4076 

6.0660 

15.4381 1 6.0780 

Avg. 

15.472 

6.091 

15.4261 

6.0733 

15.4160 

6.0693 

15.4085 

6.0664 

15.4314 

6.0754 

Tap  Location  cm  (in) 
(from  flange  face) 

Pin  Location  cm  (in  ) 
Pin 

Pin  * 2 


Tap  Diameter  cm  (in  ) 
Top 

Bottom 


Surface  Finish  /xm  (/xin) 

Tube  Length  cm  (in  ) 
Approach  Tube 
Upstream  Tube 
Downstream  Tube 


5, 

.5 

(216) 

5. 

.5 

(216) 

531 , 

,50 

(209. 

25) 

137. 

.00 

(53. 

93) 

228, 

.44 

(89. 

93) 

Upstream 

2.504-2.558 

Downstream 

2.809-2.794 

(1.000-1.007) 

(1.106-1.100) 

13.011  (5.123) 

13.023  (5.127) 

13.019  (5.126) 

13.021  (5.126) 

1.280  (0.504) 

1.285  (0.506) 

1.280  (0.504) 

1.275  (0.5021 
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APPENDIX  II. 


Measurements  of  Orifice  Plates 

The  orifice  plates  were  measured  at  NBS-Boulder,  Colorado.  The  diameters  and 
the  concentricty  of  the  orifice  to  the  plate  outside  diameter  were  measured 
with  an  optical  measuring  device.  The  outside  diameter  was  first  determined 
then  the  center  of  the  plate  was  calculated.  From  this  center  the  orifice 
diameter  was  measured  as  indicated  and  the  orifice  center  was  then  determined 
relative  to  the  plate  outside  diameter.  The  uncertainty  in  the  outside 
diameter  measurement  is  estimated  to  be  0.03mm  therefore  the  uncertainty  in  the 
concentricity  is  also  0.03mm.  No  concentricity  measurements  were  made  on  the 
plates  of  the  FE5/6  B group.  These  measurements  will  be  made  at  a later  date 
by  NBS-Washington. 

The  surface  finish  was  measured  across  and  with  the  visible  finishing 
marks  and  are  identified  as  "across”  and  "with"  respectively.  Plate  flatness 
was  checked  with  a straight  edge  and  a feeler  gauge.  The  straight  edge  was 
laid  across  the  upstream  face  at  45°  intervals.  At  each  position  the  inspector 
attempted  to  slip  a .025mm  feeler  gauge  between  the  plate  and  the  straight 
edge.  If  the  gauge  went  between  the  straight  edge  and  the  plate  the  deviation 
from  .025mm  was  noted  as  plate  flatness,  otherwise  it  was  listed  as  "O.K.". 

The  "orifice  edge"  was  inspected  by  making  a mold  of  the  edge  at  one  place  and 
viewing  a cross-section  of  this  mol d at  100  times  magnification.  This 
permitted  determining  if  the  apparent  radius  of  the  "sharp"  edge  was  greater 
than  0.025mm.  If  the  radius  was  larger  or  included  burrs,  it  was  noted, 
otherwise  it  was  listed  as  "Q.K.".  General  inspection  of  the  plates  were  made 
to  note  nicks  at  the  edge  or  in  the  upstream  face  within  the  pipe  diameter.  If 
nicks  were  visible,  they  were  noted  under  comments.  Position  of  the  blemishes 
are  in  degrees  clockwise  from  the  handle  viewed  from  the  inlet  side  of  the 
plate.  For  24  hours  prior  to  measurement,  all  of  the  plates  were  placed  in  a 
room  which  was  controlled  at  293. 15K  + 0.1K.  The  orifice  plates  were  all 
beveled  on  the  downstream  side  with  a 45°  bevel.  The  following  figure  shows 
how  the  bevel  was  measured  and  where  the  edge  thickness  "e"  was  measured. 


The  orifice  plates  were  all  identified  using  a system  comparable  to  that  used 
for  the  orifice  meter  runs.  The  two  leading  letters  FE  were  followed  by  two 
numbers  separated  with  a slash.  These  numbers  specified  the  meter  runs  that 
accommodate  this  plate.  Following  these  numbers  was  a dash  and  a number  and  a 
letter  A or  B.  The  number  was  unique  for  the  orifice  hole  and  the  letter  A or 
B specified  the  plate  set.  An  example  would  be  FE5/6-2A  which  is  a plate  for 
the  four  inch  meter  runs  and  is  the  1-1/2  inch  nominal  orifice  from  the  A set. 
The  identification  and  the  nominal  size  are  stamped  on  the  inlet  side  of  the 
handle  of  the  orifice  plate  along  with  the  notation  "INLET". 


Identification,  5nt®t  and  size 
Imprinted  on  paddta 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  1/2  1A 


Edge  Thickness, 

"e"  (cm (in  ))  0.076(0.030) 

V 

(cm(in 

))1. 2697(0. 4999) 

Plate  Flatness 

OK 

LV 

(cm (in 

))1. 2672(0. 4989) 

Plate  Finish  ((j(|Jin  )) 
Across  0.25  (9.84) 

RV 

H 

(cm (in 
(cm (in 

))1. 2687(0. 4995) 
))1. 2659(0. 4984) 

With  0.20 

(7.87) 

AVG 

(cm(in 

))1. 2677(0. 4991) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.315  (0.124) 

Outside  Diameter  (cm(in  ))  11 . 112(4.375) 

Concentricity  of  hole  to  0D  (cm(in  ))  + 0.008  (0.003) 


Comments 


PLATE  NUMBER  FE  1/2  2A  

Edge  Thickness,  neM  (cm(in  ))  0.088  (0.0345)  V 

Plate  Flatness OK LV 

Plate  Finish  (p(pin  ))  RV 

Across  0.25  (9.84)  H 

With 0.25  (9.84) AVG 

Orifice  Edge OK 

Plate  Thickness  (cm (in  ))  0.310  (0.122) 


Outside  Diameter  (cm(in  )) 11,111  (4.373) 

Concentricity  of  hole  to  OP  (cm(in  ))  + 0*01(3  (0.004) 
Comments 


(cm(in 

(cm(in 

(cm(in 

(cm(in 

(cm(in 


))1. 9035(0. 7494) 
)) 1.9050(0,7500) 
))l. 9037(0. 7495) 
)) 1.9027(0.7491) 
))l. 9037(0. 7495) 


PLATE  NUMBER  FE  1/2  3 A 

Edge  Thickness,  MeM  (cm(in  ))  Q.Q80  ('O.rnTs) 

Plate  Flatness OK 

Plate  Finish  (p([Jin  )) 

Across 0.20  .(7.87) 

Wlth Q.20  (7.87) 

Orifice  Edge 

Plate  Thickness  (cm(in  ))  p.3in  (o.i?2)~ 
Outside  Diameter  (cm(in  ) ) i i . i 07  (4  17^^ 
Concentricity  of  hole  to  OP  (cm (in  ))  +o.on5 
Comments 


V 

(cm(in 

)) 

2.5367(0. 

.9985) 

LV 

(cm (in 

)) 

2.5377(0. 

.9991) 

RV 

(cm (in 

)) 

2.5382(0. 

.9993) 

H 

(cm(in 

)) 

2.5370(0. 

9988) 

AVG 

(cm (in 

)) 

2.53720L 

■9989) 

(0.002) 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  1 /2  4A 


Edge  Thickness,  "e" 

(cm(in  ))  0.0724(0.0285) 

V 

(cm (in 

)) 

2.8555(1.1242) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

2.8562(1.1245) 

Plate  Finish  (|j(|jin 

)) 

RV 

(cm (in 

)) 

2 .8555  (1.12421 

Across  0.70 

(27.56) 

H 

(cm (in 

)) 

2 . 8552  (1.1241') 

With  0.25 

(9.84) 

AVG 

(cm(in 

)) 

2 .8555 ( 1 . 12421 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.315  (0.124) 


Outside  Diameter  (cm(in  ) ) ll . 1Q7  (4 .3731 
Concentricity  of  hole  to  OD  (cm(in 


Comments 


PLATE  NUMBER  FE  1/2  5 A 


Edge  Thickness,  "e"  (cm(in  ))  0.071  (0.0281 

V 

(cm (in 

))  3.4917(1.3747) 

Plate  Flatness qk 

LV 

(cm(in 

))  3.4928(1.3751) 

Plate  Finish  (|j(pin  )) 

RV 

(cm (in 

))  3.4915(1.3746) 

Across  0.35  (13.78) 

H 

(cm (in 

))  3.4912(1.3745) 

With  0.20  (7.87) 

AVG 

(cm(in 

))  3.4917(1.3747) 

Orifice  Edge OK  

Plate  Thickness  (cm(in  ))  0.3111  (0.1225) 

Outside  Diameter  (cm(in  ) ) 11 . 107 (A . 373) 

Concentricity  of  hole  to  0D  (cm(in  ))  0.005  (0.002) 

Comments 


PLATE  NUMBER  FE  1/2  6 A 

Edge  Thickness,  "e"  (cm(in  ))  0.075(0.0301 

Plate  Flatness ok 

Plate  Finish  (p(|jin  )) 

Across 0.25  (9.84) 

With Q.4Q  (15.75) 

Orifice  Edge 


V 

(cm (in 

)) 

3 .810861. 50031 

LV 

(cm (in 

)) 

3.8113(1. 

.50051 

RV 

(cm (in 

)) 

3.8105(1 . 

.50021 

H 

(cm (in 

)) 

3.8108(1 . 

. 5003) 

AVG 

(cm (in 

)).3,.8maa. 

.ail£L33_ 

Plate  Thickness  (cm(in  ))  O.210  (n . 1 27) 

Outside  Diameter  (cm(in  ))  11  . ms  (A  ^77) 
Concentricity  of  hole  to  0D  (cm (in ))  0T()i0(0 .004) 


Comments 
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ORIFICE  PLATE  MEASUREMENTS 


3LATE  NUMBER 

FE  1 

/ 2 

IB 

Edge  Thicknes 

s,  "e" 

(cm (in  ))  0.0724(0.0285) 

V 

(cm (in 

)) 

Plate  Flatnes 

s 

OK 

LV 

(cm (in 

)) 

Plate  Finish 

(M(pin 

)) 

RV 

(cm (in 

)) 

Across 

0.20 

(7. 

87) 

H 

(cm (in 

)) 

With 

0.25 

(9, 

84) 

AVG 

(cm (in 

)) 

1.2738(0.5015) 


Orifice  Edge ok  

Plate  Thickness  (cm(in  ))  Q.3Q2  (0.119) 
Outside  Diameter  (cm(in  ))  11 . 100(4.370) 
Concentricity  of  hole  to  OD  (cm(in  ))  +0.025 

Comments 


(0.010) 


PLATE  NUMBER  FE 

Edge  Thickness,  "e" 

1/2  2B 

1 (cm(in  ))  0.0699(0.0275) 

V 

(cm (in 

))  1.9040(0.7496) 

Plate  Flatness 

OK 

LV 

(cm (in 

))  1.9047(0.7499) 

Plate  Finish  (|J (pin  )) 

RV 

(cm(in 

))  1.9045(0.7498) 

Across  o.25 

(9.84) 

H 

(cm (in 

))  1.9045(0.7498) 

With  o.20 

(7.87) 

AVG 

(cm (in 

))  1.9045(0.7498) 

Orifice  Edge qk 

Plate  Thickness  (cm(in  ))  0.3111  (0.1225) 

Outside  Diameter  (cm(in  ) ) l l . 105  (4 . 372) 

Concentricity  of  hole  to  OD  (cm (in  ) ) +q „ 005  (Q.QQ2) 

Comments 


PLATE  NUMBER  FE  1/2  3k 

Til  i ( r*rr\  ( in 


Edge  Thicknes 

s,  "e" 

(cm (in  ) ) _Q.. 07.24X0.^ Q28h3 

V 

(cm (in 

Plate  Flatnes 

s 

OK 

LV 

(cm (in 

Plate  Finish 

(p(|Jin 

)) 

RV 

(cm (in 

Across 

0.25 

(9.84) 

H 

(cm (in 

With 

0.25 

(9.84) 

AVG 

(cm(in 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.315  (0.124) 

Outside  Diameter  (cm(in  ))  11 . 105  (4.372) 
Concentricity  of  hole  to  0D  (cm(in  ))  +0.005(0.002) 
Comments 


))  2.5390(0.9996) 
))  2.5392(0.9997) 
))  2.5395(0.9998) 
))  2.5397(0.9995) 
))  2.5390(0.9996) 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  1/2  4B 


Edge  Thickness,  "e" 

(cm (in  ))  0.0737(0.0290) 

V 

(cm (in 

))  2.8567(1.1247) 

Plate  Flatness 

OK 

LV 

(cm (in 

))  2.8570(1.1248) 

Plate  Finish  ([j(|Jin 

)) 

RV 

(cm (in 

))  2.8560(1.1244) 

Across  0.25 

(9.84) 

H 

(cm (in 

))  2.8560(1.1244) 

With  0.20 

/-s 

00 

AVG 

(cm (in 

))  2.8565(1.1246) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.3137  (0.1235) 

Outside  Diameter  (cm(in  ) ) 1 1 . 107  (4 . 373) 

Concentricity  of  hole  to  QD  (cm(in  ))  ±0.005  (0.002) 

Comments 


PLATE  NUMBER 


FE  1/2  5B 


Edge  Thickness,  "e" 

(cm(in  ))  0.0851  ('0.0335') 

V 

(cm(in 

))  3.4917(1.3747) 

Plate  Flatness 

OK 

LV 

(cm (in 

))  3.4922(1.3749) 

Plate  Finish  (p(pin 

)) 

RV 

(cm(in 

))  3.4912(1.3745) 

Across  0.25 

(9.84) 

H 

(cm (in 

))  3.4910(1.3744) 

With  0.35 

(13.78) 

AVG 

(cm (in 

))  3.4915(1.3746) 

Orifice  Edge 

OK 

Plate  Thickness  (cm 

(in  )> 0.3162  (0.1245) 

Outside  Diameter  (cm(in  ) ) 11.110 
Concentricity  of  hole  to  OD  (cm (in 
Comments 


.3X41 


±0.005  (0.0021 


PLATE  NUMBER  FE  1/2  6B 


Edge  Thicknes 

s,  "e" 

(cmfin  ))  0.0711(0.0280) 

V 

(cm (in 

Plate  Flatness 

OK 

LV 

(cm (in 

Plate  Finish 

(M(|Jin 

)) 

RV 

(cm (in 

Across 

0.35 

(13.78) 

H 

(cm (in 

With 

n ?n 

(7  «7) 

AVG 

(cm(in 

Orifice  Edge 

jQK 

Plate  Thickness  (cm(in  ))  0.51?  (n  i 73) 

Outside  Diameter  (cm(in  ))  11 1 107  (4.373) 

Concentricity  of  hole  to  OD  (cm(in  ))  ±0.005(0.002) 
Comments 


))  3.8103(1.5001) 
))  3.8115(1.5006) 
))-X.RLQQll  .5000) 
))  3.8105(1.5002) 
))  .3.»8 105(1-. .5.Q0?.). 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  3/4  1A 


Edge  Thickness,  "e" 

(cm(in  ))  0.0635(0.0250) 

V 

(cm(in 

Plate  Flatness  high 

0.005  cm 

LV 

(cm (in 

Plate  Finish  (fj(pin 

)) 

RV 

(cm (in 

Across  0.35 

(13.78) 

H 

(cm (in 

With  0.25 

(9.84) 

AVG 

(cm(in 

Orifice  Edge 

OK 

Plate  Thickness  (cra(in  ))  0.3188(0.1255) 

Outside  Diameter  (cm(in  ) ) 14 . 796  (5 . 825) 
Concentricity  of  hole  to  OD  (cm(in  ))  0.008(0.003) 
Comments 


))  1.5867(0.6247) 
))  1.5872(0.6249) 

)) 1.5880(0.62521 
))  1.5875(0. 6250) 
)) 1.5872(0.6249) 


PLATE  NUMBER  fe  3/4  2A 

Edge  Thickness,  "e"  (cm(in  ))  0.0549(0.0216)  V 

Plate  Flatness  low  0.010  cm LV 

Plate  Finish  (p(pin  ))  RV 

Across 0.35  (13.78) H 

With 0^25 (9.-24) AVG 

Orifice  Edge 


Plate  Thickness  (cm(in  ))  0.295  -0.302(0.116-0.119) 

Outside  Diameter  (cm(in  ))  14.9108  (5.6704) 

Concentricity  of  hole  to  OD  (cm(in  ))  0.008(0.003) 
Comments 


(cm (in  ))  2.8567(1.1247) 
(cm (in  ))  2,8575(1.1250) 
(cm(in  ))  2 . 8580 n .17  52  5 
(cm (in  ))  2,8582(1.1253) 
(cm(in  ))  2.8575(1.1250) 


PLATE  NUMBER  FE  3/4  3A 


Edge  Thickness,  "e" 

(cm(in  ))  0.0737(0„ 0290) 

V 

(cm (in 

Plate  Flatness  low  0.010  cm 

LV 

(cm (in 

Plate  Finish  (p(fjin 

)) 

RV 

(cm (in 

Across  0.35 

(13.78) 

H 

(cm (in 

With 0.20 

AVG 

(cm (in 

Orifice  Edge OK 

Plate  Thickness  (cm(in  ))  0.3175(0. 1250) 

Outside  Diameter  (cm(in  ) ) 1 4 .9136(5. 8671 
Concentricity  of  hole  to  0D (cm (in ))  0.005(0.002) 

Comments 


))  3.8097(1.49991 
))  3.8103(1.5001) 
))  3.8097(1.49991 
))  3.8103(1.5001) 
))  3.8100(1.5000) 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  3/4  4 A 


Edge  Thickness,  "e" 

(cm (in  ))  0.053(0.021) 

V 

(cm(in  )) 

4.4458(1.7503) 

Plate  Flatness 

OK 

LV 

(cm (in  )) 

4.4453(1.7501) 

Plate  Finish  (|j([jin 

)) 

RV 

(cm (in  )) 

4.4463(1.7505) 

Across  0.30 

(11.81) 

H 

(cm (in  )) 

4.4460(1.7504) 

With  0.25 

(9.84) 

AVG 

(cm (in  )) 

4.4458(1.7503) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.315  (0,124) 

Outside  Diameter  (cm(in  ))  14. qq?  (s  Ptft7) 
Concentricity  of  hole  to  OP  (cm (in  ; ) ' ±0.005  (0.002) 


Comments 


PLATE  NUMBER  FE  3/4  5A 


Edge  Thickness,  "e" 

(cm( 

in  ))  0.0673(0.0265) 

V 

(cm(in 

Plate  Flatness 

OK 

LV 

(cm(in 

Plate  Finish  (fj(pin 

)) 

RV 

(cm (in 

Across  0.35 

(13. 

78) 

H 

(cm (in 

With 0.25 

(9. 

84) 

AVG 

(cm (in 

Orifice  Edge  n-irV  45 

0 

LUhc m r k Up 

Plate  Thickness  (cm(in  ))  0.3188  (0.1255) 

Outside  Diameter  (cm(in  ))14.9301  (5.8780) 
Concentricity  of  hole  to  OP  (cm(in  ))  ±0.005(0.002) 


Comments 


))5. 0813(2. 0005) 
))  5.0818.(2.  QQQ7J. 
) >5 .0810(2.000,4) 
))  5^0  805/2.0002-). 
))5. 0815(2. 0006) 


PLATE  NUMBER  FE  3/4  6A 


Edge  Thickness,  "e" 

(cm (in  ))  0.0668  (0.0263) 

V 

(cm(in 

)) 

5.7127(2.2491) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

5.7130(2.2492) 

Plate  Finish  (|j(pin 

)) 

RV 

(cm (in 

)) 

5.7132(2.2493) 

Across  0.39 

(15.35) 

H 

(cm (in 

)) 

5.7132'(2.249T) 

With  or 

(8.27) 

AVG 

(cm(in 

)) 

5.7130(2.2492) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.3150  (0.1240) 

Outside  Diameter  (cm(in  ))  14.9187  (5.8735) 

Concentricity  of  hole  to  OP  (cm(in  ))  ±0.0~05  (0.002) 
Comments 


ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  3/4  IB 

Edge  Thickness,  "e"  (cm(in  ))  0.0597(0.0235) 

Plate  Flatness  QK 

Plate  Finish  (p(|Jin  )) 

Across 0.5  (19.7) 

With 0.25  (9.8) 

Orifice  Edge nick  (jj  90° 

Plate  Thickness  (cm(in  ))  0.3183(0.1253) 

Outside  Diameter  (cm(in  ))  14.9225(5.8750) 

Concentricity  of  hole  to  OD  (cm(in  ))  ±0.010 

Comments 


V 

(cm (in 

)) 

1.5870(0.6248) 

LV 

(cm (in 

)) 

1 .5875 (0. 62501 

RV 

(cm (in 

)) 

1.5872(0.6249) 

H 

(cm (in 

)) 

1.5865(0.6246) 

AVG 

(cm(in 

)) 

1.5870(0.6248) 

(0.004) 


PLATE  NUMBER 

FE 

3/4  2B 

Edge  Thickness, 

iigii 

(cm(in  ))  0.0686  (0.027) 

V 

(cm(in 

)) 

2.8578(1.1251) 

Plate  Flatness 

OK 

LV 

(cm (in 

)) 

2.8578(1.1251) 

Plate  Finish  (p(|Jin 

)) 

RV 

(cm(in 

)) 

2.8570(1.12481 

Across 

0.35 

(13.8) 

H 

(cm (in 

)) 

2.8567(1.1247) 

With 

0,25 

(9.8) 

AVG 

(cm (in 

)) 

2.8572(1.12491 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.3183  (0.12531 

Outside  Diameter  (cm(in  ) ) 14 .9174  (5.8730) 
Concentricity  of  hole  to  OD  (cm(in  )) ±0,005  (0.002) 


Comments 


PLATE  NUMBER  FE  3/4  3B 

Edge  Thickness , "e"  (cm(in  ))  0.0724  (0.0285) 

Plate  Flatness OK 

Plate  Finish  (p(pin  )) 

Across  0.35  (13.78) 

With  0720  (7787) 


V 

(cm (in 

)) 

3.8090(1.4996) 

LV 

(cm(in 

)) 

3.8097(1.4999) 

RV 

(cm (in 

)) 

3.8095(1.4998) 

H 

(cm(in 

)) 

3.8090(1.4996) 

AVG 

(cm (in 

)) 

3.8092(1.4997) 

Orifice  Edge  nick  @ 315° 

Plate  Thickness  (cm(in  ))  0.3114  (0.1226) 

Outside  Diameter  (cm(in  ))  14.9177  (5.87311 

Concentricity  of  hole  to  OD  (cm (in  ))  ±0.005  (0.002) 

Comments 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  3/4  4B 


Edge  Thickness, 

"e"  (cm(in  )) 

0.074  (0.029) 

V 

(cm(in 

)) 

Plate  Flatness 

H=0 . K. 

V=0. 

0038  cm 

LV 

(cm (in 

)) 

Plate  Finish  (fj(pin  )) 

RV 

(cm (in 

)) 

Across 

0.35 

(13.78) 

H 

(cm(in 

)) 

With 

0.225 

.TIL  86  L, 

AVG 

(cm (in 

)) 

Orifice  Edge  ok 

Plate  Thickness  (cm(in  ))  0.3175  (0.1250) 

Outside  Diameter  (cm(in  ))  14.920  (5.874) 

Concentricity  of  hole  to  OD  (cm(in  ))  0.005  (0.002) 

Comments 


4.4445(1.74981 

4.4450(1.7500) 

.4..4A5_Q(  1^7.100-) 
4 .4A1ZjC1^7A95l) 
4.4445(1 .7498) 


PLATE  NUMBER 

FE 

3/4  5B 

Edge  Thickness, 

"e" 

(cm (in  ))  0.0716(0.0282) 

V 

(cm(in 

)) 

5.0795(1.9998) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

5.0797(1.9999) 

Plate  Finish  (p([Jin 

)) 

RV 

(cm (in 

)) 

5.0795(1.9998) 

Across 

0.30 

(11.81) 

H 

(cm (in 

)) 

5.0790(1 . 99961 

With 

0.17 

(6.69) 

AVG 

(cm (in 

)) 

5.0795(1.9998) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.3162  (0.1245) 

Outside  Diameter  (cm(in  ))  14.9149  (5.8720) 
Concentricity  of  hole  to  OD  (cm(in  ))  ±0.005  (0.002) 
Comments 


PLATE  NUMBER 

FE 

3/4  6B 

Edge  Thickness, 

"e" 

(cm (in  ))  0.0714  (0.0281) 

V 

(cm (in 

)) 

5.7142(2.2497) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

5.7142(2.2497) 

Plate  Finish  (|J  ((Jin 

)) 

RV 

(cm (in 

)) 

5.7137(2.2495) 

Across 

0.38 

(14.96) 

H 

(cm(in 

)) 

5.7137(2.2495) 

With 

TT72T 

(8.27) 

AVG 

(cm (in 

)) 

5.7140(2.2496) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.3099  (0,1220) 

Outside  Diameter  (cm(in  ) ) 14.916  (5.8725) 

Concentricity  of  hole  to  OD  (cm(in  ))  ±0.008  (0.003) 
Comments 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER 

FE 

5/6  1A 

Edge  Thickness, 

"e" 

(cm (in  ))  0.1333(0.0525) 

V 

(cm (in 

)) 

2 . 2225 (0 . 8750) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

2.2225(0.8750) 

Plate  Finish  ((j(pin 

)) 

RV 

(cm(in 

)) 

2.2222(0.8749) 

Across 

0.45 

(17.72) 

H 

(cm (in 

)) 

2.2228(0.8751) 

With 

0.35 

(13.78) 

AVG 

(cm (in 

)) 

2.2225(0.8750) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ) ) 0 . 310  (0 . 122) 

Outside  Diameter  (cm(in  ) ) 18 . 090 (7 . 122) 

Concentricity  of  hole  to  OD  (cm(in  ))  ±0.020(0.008) 


Comments 


PLATE  NUMBER 

FE 

5/6  2A 

Edge  Thickness, 

Mgtl 

(cm (in  ))  0.1207(0.0475) 

V 

(cm (in 

)) 

3.8092(1.4997) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

3.8080(1.4992) 

Plate  Finish  (|j(pin 

)) 

RV 

(cm (in 

)) 

3.8082(1.4993) 

Across 

0.35 

(13.78) 

H 

(cm (in 

)) 

3.8070(1.4988) 

With 

0.15 

(5.91) 

AVG 

(cm(in 

)) 

3.8082(1.4993) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.3084(0.1214) 

Outside  Diameter  (cm(in  ) ) 18.0922(7. 1229) 
Concentricity  of  hole  to  OD  (cm(in  ))  ±0.018(0.007) 


Comments 


PLATE  NUMBER  FE  5/6  3 A 

TV.-;  (r-rr'flrs 


Edge  Thickness, 

"git 

(cm (in  ))  0. 1453 CO. 0572) 

V 

(cm(in 

)) 

5.0772(1.9989) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

5 .078011 .9992) 

Plate  Finish  (u(uin 

)) 

RV 

(cm (in 

)) 

s .n77nn  .pqfifi'* 

Across 

0.30 

n i.8i) 

H 

(cm (in 

)) 

5.0775(1.9990) 

With 

0.20 

n.87^ 

AVG 

(cm (in 

)) 

5.0775(1 .9990) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.307  (0.121') 

Outside  Diameter  (cm(in  ))  18.087  (7. 121) 
Concentricity  of  hole  to  OD  (cm(in  ))  ±0.023(0.009) 

Comments 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  5/6  4 A 

Edge  Thickness,  "e"  (cm(in  ))  0.1478(0.0582) 

Plate  Flatness OK 

Plate  Finish  (}J (pin  )) 

Across 0.30  (11.81) 

With 0.28  (10.83) 


V 

(cm(in 

)) 

5. 7127  (2 .24911 

LV 

(cm (in 

)) 

5.7120(2.2488) 

RV 

(cm (in 

)) 

5 . 7 142(2 .24971 

H 

(cm (in 

)) 

5.712012. 24881 

AVG 

(cm (in 

)) 

5.712712.24911 

Orifice  Edge OK 

Plate  Thickness  (cm(in  ))  0.3094  (0.1218) 

Outside  Diameter  (cm(in  ))l8.095  (7.124) 
Concentricity  of  hole  to  OD  (cm(in  ))  ±0.023(0.009) 

Comments 


PLATE  NUMBER 

Edge  Thickness, 
Plate  Flatness 


FE  5/6  5A 


(cm (in  ))  0.1382(0.0544) 

_QK 


Plate  Finish  ( jj (|Jin  )) 

Across 0..-3.0  (1.1.81) 

With  0.23  (8.86) 


0.305  (0.120) 


Orifice  Edge  OK 

Plate  Thickness  (cm(in  )) 

Outside  Diameter  (cm(in  ))  18.087  (7.121) 
Concentricity  of  hole  to  OD  (cm(in  )j  ±0.003(0.001) 
Comments 


V 

( 

cm 

( 

in 

)) 

LV 

( 

cm 

( 

in 

)) 

RV 

( 

cm 

( 

in 

)) 

H 

( 

cm 

( 

in 

)) 

AVG 

( 

cm 

( 

in 

)) 

PLATE  NUMBER 

FE 

5/6  6A 

Edge  Thickness, 

"e" 

(cm (in  ))  0,134110.0528) 

V 

(cm(in 

)) 

Plate  Flatness 

OK 

LV 

(cm (in 

)) 

Plate  Finish  (p((Jin 

rr 

RV 

(cm (in 

)) 

Across 

0.35 

(13.78) 

H 

(cm(in 

)) 

With 

~U725 

(9.84) 

AVG 

(cm(in 

)) 

Orifice  Edge 

OK 

Outside  Diameter  (cm(in  ) ) 18 . 092 (7 . 123) 
Concentricity  of  hole  to  OD  (cm(in  ))  ±0.023(0.009) 
Comments 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER 

FE  5/6  IB 

Edge  Thickness, 

"e"  (cm (in  ))  0.13210.052') 

V 

(cm (in 

)) 

2.223010.8752) 

Plate  Flatness 

QK 

LV 

(cm (in 

)) 

2.223010.8752) 

Plate  Finish  ( (J (pin  )) 

Across 0.53  (20.871 

RV 

H 

(cm (in 
(cm(in 

)) 

)) 

.2.,  22301.0,8752) 
2.223010.8752) 

With 

0.44  117.321 

AVG 

(cm(in 

)) 

2.223010.8752) 

Orifice  Edge 

GOOD 

Plate  Thickness 

(cm (in  ))  0.305  (0.120) 

Outside  Diameter  (cm(in  ))  18. 0914  (7 . 1226) 

Concentricity  of  hole  to  OD  (cm(in  )) 

Comments 


PLATE  NUMBER 

FE  5/6  2B 

3.8080(1.4992) 

Edge  Thickness, 

"e"  (cm (in  ))  0.127(0.050) 

V 

(cm (in 

)) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

3.8100(1.5000) 

Plate  Finish  (|J (|Jin  )) 

RV 

(cm (in 

)) 

3.810011.5000) 

Across 

0.30  (11.81) 

H 

(cm (in 

)) 

3.8082(1.4993) 

With 

0.25 19.84) 

AVG 

(cm (in 

)) 

3.8090(1.4996) 

Orifice  Edge  nicks  0°;  180° 

Plate  Thickness  (cm(in  ))  0.305  (0.120) 

Outside  Diameter  (cm(in  ) ) 18.0952 (7 . 1241) 
Concentricity  of  hole  to  OD  (cm (in  )) 
Comments 


PLATE  NUMBER 

FE  5/6  3B 

5.0785(1.9994) 

Edge  Thickness, 

"e"  (cm (in  ))  0.145(0.057) 

V 

(cm (in 

)) 

Plate  Flatness 

OK 

LV 

(cm (in 

)) 

5.0775(1.9990) 

Plate  Finish  (u(uin  )) 

RV 

(cm (in 

)) 

5.0777(1.9991) 

Across 

0.29  (11.42) 

H 

(cm(in 

)) 

5.078511.9994) 

With 

0.10  (3.94) 

AVG 

(cm (in 

)) 

5.0780(1.9992) 

Orifice  Edge GOOD  

Plate  Thickness  (cm(in  ))  0.307  (0.121) 

Outside  Diameter  (cm(in  ))  18.0889(7.1216) 

Concentricity  of  hole  to  0D  (cm(in  )) 

Comments 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  5/6  4B 

Edge  Thickness,  "e"  (cm(in  ))  0.152(0.060) 

Plate  Flatness OK 

Plate  Finish  (fj (pin  )) 

Across 0.29  (11.42) 

Wi th 0.28  (11.02) 

Orifice  Edge GOOD 

Plate  Thickness  (cm(in  ))  0.312  (0.123) 

Outside  Diameter  (cm(in  ) ) 18.0939(7.1236) 
Concentricity  of  hole  to  OP  (cm (in )) 
Comments 


V 

(cm(in 

)) 

5.7137(2.2495) 

LV 

(cm (in 

)) 

5.7137(2.2495) 

RV 

(cm (in 

)) 

5.7142(2.2497) 

H 

(cm (in 

)) 

5.7137(2.2495) 

AVG 

(cm (in 

)) 

5.7137(2.2495) 

PLATE  NUMBER 

FE  5/6  5B 

Edge  Thickness, 

"e"  (cm (in  ))  0.150  (0.059) 

V 

(cm(in 

)) 

Plate  Flatness 

V=0.015  : H=OK 

LV 

(cm (in 

)) 

Plate  Finish  (fj(|jin  )) 

RV 

(cm (in 

)) 

Across 

0.28  (11.02) 

H 

(cm (in 

)) 

With 

0.19  (7.48) 

AVG 

(cm(in 

)) 

Orifice  Edge GOOD 

Plate  Thickness  (cm(in  ))  0.305  (0.120) 

Outside  Diameter  (cm(in  ) ) 18.0919(7. 12281 

Concentricity  of  hole  to  OD  (cm(in  )) 

Comments  Surface  nick  (9320°  about  11/16"  out 


6.6675(2. 6250) 
6.6665(2.6246) 

6.666.. 7..(2.,.6.247J 

6., MZ5_(2_.X2XQJ 

6.. 6h7DX2..624,ai 


PLATE  NUMBER 
Edge  Thickness, 

_EE 5X6 6B 

"e"  (cm (in  ))  0.135(0.053) 

V 

(cm (in 

)) 

7.6180(2.9992) 

Plate  Flatness 

QK 

LV 

(cm (in 

)) 

7.6185(2.9994) 

Plate  Finish  (p(pin  )) 

RV 

(cm (in 

)) 

7.6180(2.9992) 

Across 

0.25  (9.84) 

H 

(cm (in 

)) 

7.6185(2.9994) 

With 

0.19  (7.48) 

AVG 

(cm (in 

)) 

7.6182(2.9993) 

Orifice  Edge GOOD 

Plate  Thickness  (cm(in  ))  Q.310  (n.122) 

Outside  Diameter  (cm(in  ))  1 8 . 097? (7  1 7?Q) 

Concentricity  of  hole  to  OD  (cm(in  )) 

Comments  nicks  and  burr  backside  g outside  edge  of  bevel 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER 

Edge  Thickness, 
Plate  Flatness 


FE  7/8  1A 


(cm (in  )) 

LOW  0.020 


0.1207(0.0475) 


Plate  Finish  (p(|Jin  )) 

Across 0.45  (17.72) 

With 0.40  (15.75) 


OK 


Orifice  Edge 

Plate  Thickness  (cm(in  ))  0.297  (0.117) 


V 

(cm (in 

LV 

(cm(in 

RV 

(cm(in 

H 

(cm(in 

AVG 

(cm (in 

Outside  Diameter  (cm(in  ))  25.065(9.868) 

Concentricity  of  hole  to  OD  (cm(in  ))_  ±0.025(0.010) 
Comments Concave  by  0.020 


))  3.1717(1.2487) 
))  3.1732(1.2493) 
))  3.1725(1.2490) 
))  3.1725(1.2490) 
))  3.1725(1.2490) 


PLATE  NUMBER 

Edge  Thickness, 
Plate  Flatness 


FE  7/8  2A 


(cm(in  )) 
OK 


0.142  (0.056) 


Plate  Finish  (p(|Jin  )) 

Across 0.43  (16.73) 

With 0,30  ('ll. Cl) 


Orifice  Edge 

Plate  Thickness  (cm(in  ))  Q.297  (0.117) 


jQIL 


V 

LV 

RV 

H 

AVG 


Outside  Diameter  (cm(in  ) ) ? ^ pfi7  (g 
Concentricity  of  hole  to  OD  (cm (in  ) ) ±p . q?8 (q 

Comments 


(cm(in 
(cm(in 
(cm(in 
(cm(in 
(cm (in 


£11) 


))  5.7140(2,2496) 
))  5.7150(2.2500) 
))  5.7153(2.2501) 
))  5 . 7 145 (2.2498) 
))  5.7147(2.2499) 


PLATE  NUMBER 

FE  7/8  3A 

Edge  Thickness, 

"e"  (cm (in  ))  0. 

13710.0541  V 

(cm(in 

))  7.621013.0004) 

Plate  Flatness 

LV 

(cm (in 

))  7.6210(3.0004) 

Plate  Finish  (u(uin  )) 

RV 

(cm(in 

))  7.6210(3.0004) 

Across 

0.45  (17.72) 

H 

(cm (in 

))  7.6205(3.0002) 

With 

0.30  (11.81) 

AVG 

(cm (in 

))  7.6208(3.0003) 

Orifice  Edge 

Plate  Thickness 

(cm (in  ))  0.297 

(0.117) 

Outside  Diameter 

(cm(in  ))  25.067 

(9.869) 

Concentricity  of 

hole  to  0D  (cm(in  ))  ±0.028(0.011) 

Comments 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  7/8  4 A 


Edge  Thickness,  "e" 

(cm(in  ))0.130  (0.051) 

V 

(cm (in 

))8. 8885(3. 4994) 

Plate  Flatness 

OK 

LV 

(cm (in 

))8. 8882(3. 4993) 

Plate  Finish  (|j((Jin 

)) 

RV 

(cm(in 

))8. 8892(3. 4997) 

Across  0.55 

(21.65) 

H 

(cm (in 

))8. 8885(3. 4994) 

With  0.40 

( 15 . 75) 

AVG 

(cm (in 

))8. 8885(3. 4994) 

Orifice  Edge OK 

Plate  Thickness  (cm(in  ))  0.300  (0.118) 

Outside  Diameter  (cm(in  ))  25.067(9.869) 

Concentricity  of  hole  to  OD  (cm(in  ))  ±0.025(0.010) 

Comments small  nick  @90°  and  various  places  on  both  sides 


PLATE  NUMBER 


FE  7/8  5A 


Edge  Thickness,  "e" 

(cm(in  ))  0.122(0.048) 

V 

(cm(in 

Plate  Flatness  ' 

OK 

LV 

(cm (in 

Plate  Finish  (|j(pin 

)) 

RV 

(cm (in 

Across  0.425 

(16.73) 

H 

(cm (in 

With  0.325 

_Q2_l80) 

AVG 

(cm(in 

Orifice  Edge OK 

Plate  Thickness  (cm(in  ))  0.292  (0.115) 

Outside  Diameter  (cm(in  ))25.Q67  (9.869) 
Concentricity  of  hole  to  0D  (cm(in 
Comments 


10.1597(3.9999) 
10,1595(3.9998) 
10.1605(4.0002) 
10.1595(3. 9998) 
IQ.  1 597(3  QQQQ) 


PLATE  NUMBER  FE 


Edge  Thickness, 
Plate  Flatness 


7/8  6A 
e"  (cm(in 
_QK_ 


))  ■0.132(0.052) 


Plate  Finish  (p(|Jin  )) 

Across 0.40  (15. 

With 


Orifice  Edge 


-Q..3Q  (11.81). 


3K. 


)) 


Plate  Thickness  (cm(in 
Outside  Diameter  (cm(in  )) 
Concentricity  of  hole  to  0D 
Comments 


11^2984.  (0.1175) 


5...Q.67  (9.869) 


V 

(cm(in 

LV 

(cm(in 

RV 

(cm (in 

H 

(cm (in 

AVG 

(cm (in 

.cm (in  jj 


±0.028(0.011) 


))  11.4275(4.4990) 
))  11.4280(4.4992) 
))  11.4297(4.4999) 
))  11.4277(4.4991) 
))  11.4282(4.4993) 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  7/8  IB 


Edge  Thickness,  " 

e" 

(cm 

(in  ))  1 .283(0.505) 

Plate  Flatness 

LOW 

0.019 

Plate  Finish  (p((J 

in 

)) 

Across  0. 

45 

(17 

.72) 

With  0. 

35 

(13 

.78) 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.302  (0.119) 

Outside  Diameter  (cm(in  ))  25.070(9.870) 
Concentricity  of  hole  to  0D  (cm(in  ))  ±0.030(0 


V 

(cm (in 

)) 

3.1727(1.2491) 

LV 

(cm (in 

)) 

3.1725(1.2490) 

RV 

(cm (in 

)) 

3.1730(1.2492) 

H 

(cm (in 

)) 

3.1722(1.2489) 

AVG 

(cm (in 

)) 

3.1727(1.2491) 

.012) 


Comments Concave  by  0.Q20  in.  nicks  on  both  sides 


PLATE  NUMBER 

FE 

7/8 

2B 

Edge  Thickness 

, "e" 

(cm 

(in  ))  0.127(0.050) 

V 

(cm (in 

)) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

Plate  Finish  (|j(|Jin 

)) 

RV 

(cm (in 

)) 

Across 

0.45 

07 

.72) 

H 

(cm (in 

)) 

With 

0.40 

0 5 

.75) 

AVG 

(cm(in 

)) 

Orifice  Edge 

-QK  . 

Plate  Thickness  (cm(in  ))  0.297  (0.117) 

Outside  Diameter  (cm(in  ))  25.065(9.868) 
Concentricity  of  hole  to  0D  (cm(in  ))  ±0.028(0.011) 


Comments 


5.7145(2.2498) 
5.7158(2.2503) 
5.7145(2.2498) 
5.7153(2.2501) 
s .71  snr? . ?snm 


PLATE  NUMBER 


FE  7/8  3B 


Edge  Thickness,  "e" 

(cm (in  ))  0.130(0.051) 

V 

(cm (in 

)) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

Plate  Finish  (|j(|jin 

)) 

RV 

(cm (in 

)) 

Across  0.40 

(15.75) 

H 

(cm(in 

)) 

With  0.25 

(9.84) 

AVG 

(cm(in 

)) 

Orifice  Edge 

OK 

Plate  Thickness  (cm( 

in  ))  0.300  (0.118) 

Outside  Diameter  (cm(in  25 . 067 (9 . 869) 


Concentricity  of  hole  to  0D  (cm(in  ))  ±0.028(0.011) 

Comments  nicks  at  various  places  on  both  sides 


7.6208(3.0003) 

7.6210(3.0004) 

7.6213(3.00051 

7.6210(3.0004) 

7.6210(3.0004) 
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ORIFICE  PLATE  MEASUREMENTS 


PLATE  NUMBER  FE  7/8  4B 

Edge  Thickness,  "e"  (cm(in  ))  0.1232(0.0485) 

Plate  Flatness OK 

Plate  Finish  (jj (jjin  )) 

Across__ 0.50  (19. 70) 

With  ~ 0.40  (15.75) 

Orifice  Edge OK 


V 

(cm (in 

)) 

8.8882(3.4993) 

LV 

(cm (in 

)) 

8.8880(3.4992) 

RV 

(cm (in 

)) 

8.8882(3.4993) 

H 

(cm (in 

)) 

8.8885(3.4994) 

AVG 

(cm (in 

)) 

8.8882(3.4993) 

Plate  Thickness  (cm(in  ))  0.297  (0.117) 

Outside  Diameter  (cm(in  ))25 .067 (9.869) 
Concentricity  of  hole  to  OD  (cm(in  ))  ±0.025(0.010) 
Comments nicks  @ various  places  on  both  sides 


PLATE  NUMBER  FE  7/8  5B 

TVn*  r*lm/aec  ^ ^ ( r*m  ( -r\ 


Edge  Thickness,  "e" 

(cm (in  ))  0.1333(0.0525) 

V 

(cm (in 

Plate  Flatness 

OK 

LV 

(cm(in 

Plate  Finish  (|j(|Jin 

)) 

RV 

(cm(in 

Across  0.50 

(19.70) 

H 

(cm (in 

With  0.30 

(11.81) 

AVG 

(cm (in 

Orifice  Edge 

OK 

Plate  Thickness  (cm(in  ))  0.2997  (0.118) 

Outside  Diameter  (cm(in  ))  25.070  (9.870) 
Concentricity  of  hole  to  0D  (cm(in  ))  ±0.030(0.012) 
Comments 


))  10, 1595(3,9.998) 
))  10.1587(3.9995) 
))  10.1600(4.0000) 
))  10.1597(3.9999) 
))  10.1595(3.9998) 


PLATE  NUMBER  FE  7/8  6B 


Edge  Thickness, 

"e" 

(cm (in  ))  0.109(0.043) 

V 

(cm(in 

)) 

11.4295(4.4998) 

Plate  Flatness 

OK 

LV 

(cm(in 

)) 

11.4285(4.4994) 

Plate  Finish  (p(|Jin 

)) 

RV 

(cm (in 

)) 

11.4287(4.4995) 

Across 

0.40 

(15.75) 

H 

(cm(in 

)) 

11.4280(4.4992) 

With 

0.25 

(9.84) 

AVG 

(cm (in 

)) 

11.4287(4.4995) 

Orifice  Edge ^ 

Plate  Thickness  (cm(in  ) ) 0.297  (0 . 1 1 7) 

Outside  Diameter  (cm(in  ))  25.067(9  869^) 

Concentricity  of  hole  to  OD  (cm (in  ))  ±0,028. (0.01 H 

Comments 
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APPENDIX  III. 


Measurements  of  Flow  Conditioners 

The  flow  conditioners  were  measured  at  NBS-Boul der,  Colorado.  The  hole  pattern 
in  the  three  plates  of  each  conditioner  was  in  general  the  same  and  the  plates 
were  mounted  so  that  the  holes  of  each  plate  lined  up  with  the  other  plates. 

The  hole  pattern  was  in  rows  with  the  holes  of  the  alternate  rows  offset.  If  a 
support  rod  lay  in  the  position  so  as  to  impose  on  a hole,  the  hole  was  left 
out.  All  plates  have  an  odd  number  of  rows  and  the  center  hole  of  the  center 
row  was  at  the  center  line  of  the  plate.  The  measurments  for  position  of  the 
rows  and  the  rods  were  made  from  the  center  of  this  hole. 
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Flow  Conditioner  Measurements 


Flow  conditioner  nominal  size 


4 inch 


Nominal  pipe  size  section  A 
Inlet  and  outlet  flange  3_.lnch. 


4 inch 


Inlet  and  outlet  reducer 
Overall  length,  cm  (in) 


3 to  4 inch 


82.07(32.31) 


Straight  pipe  length,  A,  cm  (in) 


20.16(7.94) 


600  psi  ANSI 
Schedule  40 
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Flow  Conditioner  Nominal  Size  4 Jncti 


Number  of  support  rods  4 equally  spaced 

Center  line  of  rod  to  center  line  of  plates,  cm  (in)  3.790(1.492) 

Rod  diameter  1 • 900(Q. 748) 

Distance  between  plate  1 and  2 8-7?6(3.455) 

Distance  between  plate  2 and  3 8.682(3.418) 


Diameter,  cm  (in) 

Thickness,  cm  (in) 

Number  of  holes 

Average  hole  diameter,  cm  (in) 

Average  distance  between  holes,  cm  (in) 
Upstream  chamfer 
Chamfer  depth,  cm  (in) 

Number  of  rows 


Plate  1 

Plate  2 

Plate  3 

17.457 

(6.873) 

10.160 

(4.000) 

10.160 
(4 . 0001 

0.947 
(n  3731 

0.960 

m 37ftl 

0.960 
(n  37R) 

53 

53 

53 

0.622 

(0.245) 

0.617 

(0.243) 

0.622 

(0.2451 

0.950 

(0.374) 

0.947 

(0.373) 

0.947 

(0.3731 

90° 

90° 

90° 

0.094 

(0.037) 

0.091 

(0.036) 

0.091 

(0.036) 

11 

11 

11 
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Row  Number 

Number  of  Holes 

C of  Rows  t< 
(cm) 

3 C of  Plate 
(in) 

l 

2 

4.110 

1.168 

2 

4 

3.272 

1.288 

3 

8 

2.431 

0.957 

4 

9 

1.618 

0.637 

5 

6 

0.792 

0.312 

6 

5 

0.033 

0.013 

7 

6 

0.876 

0,345 

8 

9 

1.709 

0.673 

9 

8 

2.515 

0.990  ' 

10 

4 

3.358 

1.322 

11 

2 

4.194 

1.651 
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Flow  Conditioner  Measurements 


Flow  conditioner  nominal  size 


6 inch 


^ - A ► 


Nominal  pipe  size  section  A 6 inch 

Inlet  and  outlet  flange  4 inch 

Inlet  and  outlet  reducer4  to  6 inch 
Overall  length, cm  (in)  1Q5.95(4i .71) 

Straight  pipe  length,  A,  cm  (in)  30,48(-12:0-) 

600  psi  ANSI 
Schedule  40 
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Flow  Conditioner  Nominal  Size  6 lnch 


Plate  1 2 3 


Number  of  support  rods  ...  ^ equally  spaced 

Center  line  of  rod  to  center  Sine  of  plates,  cm  (in)6-3Zt2(2-497) 

Rod  diameter  1-905  (°-750) 


Distance  between  plate  1 and  2 
Distance  between  plate  2 and  3 


14.389(5.665) 

13.378(5.267) 


Diameter,  cm  (in) 

Thickness,  cm  (in) 

Number  of  holes 

Average  hole  diameter,  cm  (in) 

Average  distance  between  holes,  cm  (in) 
Upstream  chamfer 
Chamfer  depth,  cm  (in) 

Number  of  rows 


Plate  1 

Plate  2 

Plate  3 

26.662 

(10.497) 

mh 

{%:<&) 

1 . 0 i 6 

(0.400) 

0 ; 927 
(0.3651 

0.927 

(0.565) 

87 

87 

87 

1.041 

(0.410) 

1.041 

(0.410) 

1.039 

(0.409) 

(4:3St) 

(4:38) 

(A:^) 

82° 

82° 

82° 

0 . 152 
(0.060) 

0. 102 
(0.040) 

0.102 

(0.040) 

11 

11 

11 
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Row  Number 

Number  of  Holes 

G of  Rows  t< 
(cm) 

d C of  Plate 
(in) 

l 

4 

5.974 

2.352 

2 

7 

4.780 

1.882 

3 

10 

3.581 

1.410 

4 

11 

2.383 

0.938 

5 

8 

1.191 

0.469 

6 

7 

0.000 

0.000 

7 

8 

1.189 

0.468 

8 

11 

2.377 

0.936 

9 

10 

3.576 

1.408 

10 

7 

4.770 

1.878 

11 

4 

5.964 

2.348 

. 

■ - J 
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Flow  Conditioner  Measurements 


Flow  conditioner  nominal  size  10  lnch 


Nominal  pipe  size  section  A 

inlet  and  outlet  flange  6 in-c:h. 

Inlet  and  outlet  reducer  6 to  10  inch 
Overall  length, cm  (in)  139.0(54.72) 

Straight  pipe  length,  A,  cm  (in)  47‘47(18‘69) 

600  psi  ANSI 
Schedule  40 
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Flow  Conditioner  Nominal  Size  10  inch 


Number  of  support  rods  * equally  spaced 

Center  line  of  rod  to  center  line  of  plates,  cm  (in)  ,n  .049(4.550) 

Rod  diameter  1.895  (0.746) 

Distance  between  plate  1 and  2 23.993(9.446') 

Distance  between  plate  2 and  3 23.998(9.448) 


Diameter,  cm  (in) 

Thickness,  cm  (in) 

Number  of  holes 

Average  hole  diameter,  cm  (in) 

Average  distance  between  holes,  cm  (in) 
Upstream  chamfer 
Chamfer  depth,  cm  (in) 

Number  of  rows 


Plate  1 

Plate  2 

Plate  3 

33.973 

(13.375) 

25.403 

(10.001) 

25.403 

(10.001) 

0.960 

(0.378) 

0.983 

(0.387) 

0.970 

(0.382) 

291 

291 

291 

1.036 

(0.408) 

1.039 

(0.409) 

1.036 

(0.408) 

1.346 

(0.530) 

1.351 

(0.532) 

1.346 

(0.530) 

89° 

89° 

89° 

0.157 

(0.062) 

0.157 

(0.062) 

0.157 

(0.062) 

21 

21 

21 
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Row  Number 

Number  of  Holes 

C of  Rows  t< 
(cm) 

d C of  Plate 
(in) 

1 

4 

11.902 

4.686 

2 

8 

10.716 

4.219 

3 

13 

9.530 

3.752 

4 

14 

8.341 

3.284 

5 

15 

7.135 

2.809 

6 

16 

5.954 

2.344 

7 

17 

4.747 

1.869 

8 

18 

3.576 

1.408 

9 

19 

2.367 

0.932 

10 

14 

1.171 

0.461 

11 

15 

0.020 

0.008 

12 

14 

1.207 

0.475 

13 

19 

2.405 

0.947 

14 

18 

3.579 

1.409 

15 

17 

4.773 

1.879 

16 

16 

5.969 

2.350 

17 

15 

7.150 

2.815 

18 

14 

8.362 

3.292 

19 

13 

9.530 

3.752 

20 

8 

10.721 

4.221 

21 

4 

11.885 

4.679 
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